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I. — Eminent  Living  Oeolooibts: 

William  Thomas  Blanfobd,  CLE.,  LL.D.,  F.B.S.,  Y.P.  Zool.  Soo., 

Treaa.  G^l.  Soo. 

(WITH    A   PORTRAIT,    PLATE    I.) 

WHAT  India  has  been  in  the  past  300  years  to  onr  Army  as 
a  narsery  in  whioh  oar  soldiers  have  obtained  experienoe 
in  their  profession  and  earned  their  promotion,  often  to  the  highest 
rank,  such  in  a  lesser  degree  has  it  been  to  many  of  our  geologists, 
who  have,  in  the  past  much  shorter  period  of  50  or  60  years,  entered 
the  service  in  this  vast  field  of  scientific  enterprise,  and,  aided  by 
a  very  few  amateur  geologists  in  the  Army  and  of  civilians  attached 
to  other  branches  of  Government  employ,  have  covered  many 
thousand  square  miles  of  onr  Indian  Empire  with  records  of  their 
nutiring  energy  in  the  geological  field. 

Among  the  amateurs  may  be  recorded  the  names  of  Generals 
Sir  Richard  Strachey  and  Sir  Proby  T.  Cautley,  Dr.  Hugh  Falconer, 
Lieut-Gen.  C.  A.  McMahon;  and  as  professional  geologists.  Dr.  T. 
Oldham,  H.  B.  Medlicott,  J.G.  Medlicott,  Dr.  Wm.  King,  Dr. Valentine 
Ball,  the  two  Blanfords,  W.  Theobald,  R.  Bruce  Foote,  A.  B.  Wynne, 
C.  L.  Griesbach,  B.  D.  Oldham,  F.  B.  Mallet,  C.  S.  Middlemiss, 
T.  D.  La  Touche,  Dr.  F.  Stoliczka,  Professor  W.  Waagen,  the  present 
Director  (T.  H.  Holland),  and  many  others. 

Prominent  among  the  earlier  geological  workers  stand  out  the 
names  of  the  brothers  W.  T.  and  H.  F.  Blanford,  who  joined  the 
Indian  Survey  together  in  1855.  Having  served  on  the  staff  for 
seven  years,  the  younger  left  in  1862,  being  appointed  to  the 
Educational  service,  and  subsequently  as  head  of  the  newly  con- 
stituted Meteorological  Department  for  India,  a  post  which  be  held 
until  1888,  when  he  retired,  and  died  in  1893  (see  notice  of  his  life 
and  work,  Gkol.  Mao.,  1893,  pp.  191-2). 

William  T.  Blanford,  the  surviving  brother,  and  the  subject  of 
the  present  memoir,  was  born  on  7th  October,  1832,  at  27,  Bouverie 
Street,  Whitefriars,  in  the  City  of  London.  The  house  and  manu- 
factory adjoining  it  belonged  to  his  father,  William  Blanford,  the 
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whole  having  he6n  "bailfc  and  estahlished  by  him.  This  honse,  witli 
some  others  adjoming  it,  and  also  the  mannfaotory,  now  form  the 
printing  aud.pulDlishing  offices  of  the  Daily  News. 

W.  T.^J^lapiford  received  his  early  education  in  private  sohooli  at 

Brightopf  ^d  afterwards  in  Paris.     He  was  sent  to  Paris  at  the  age 

of  14,  arid,  i'emained  there  till  March,  1848  Just  after  the  Revolution. 

Ha  happened  to  be  laid  up  during  that  critical  time  in  January  with 

a  severe   bronchial  attack,  doubtless  diphtheria,  and  was  in  bed 

.-dhrjhg  the  eventful  change  of  government  from  the  rule  of  Lonis 

•  '^ilippe  to  the  temporary  government  by  the  National  Assembly* 

*'-/Me  suffered  for  a  considerable  time  from  results  of  this  illness,  and 

'.'••/passed  two  years  with  a  mercantile  house  at  Ci  vita  Yeoohia,  in  the 

.  V      Roman  States  (then  occupied  by  the  French),  the  head  of  the  firm 

being  an  old  friend  of  his  father's. 

Returning  to  England  in  IBol,  he  joined  his  father's  busineii* 
but  liis  younger  brother,  Henry,  having  meantime  matriculated 
at  the  Royal  School  of  Mines,  which  had  opened  in  that  yetr, 
the  temptation  to  abandon  business  and  take  up  a  scientifio  career 
was  too  strong,  and  he  followed  his  brother  and  entered  the 
Laboratory  under  Lyon  Playfair  in  1852  and  matriculated  in 
October  of  that  year.  The  course  was  only  for  two  years,  and 
both  brothers  passed  out  at  the  head  of  the  list,  each  having  carried 
off  the  Duke  of  Cornwairs  and  the  Council  Scholarships.  The 
vacations  were  spent  by  the  brothers  in  studying  field-geology  with 
Professor  (afterwards  Sir  A.  C.)  Ramsay,  and  mining  in  Cornwall 
with  Professor  (afterwards  Sir  W.)  Warington  Smyth ;  one  Autumn 
being  ])a8sed  in  travelling  in  Norway. 

Besides  Lyon  Playfair  (afterwards  Lord  Playfair),  Ramsay,  and 
Warington  Smyth,  Edward  Forbes  lectured  on  Natural  History* 
and  Percy  was  Professor  of  Metallurgy ;  these  were  the  prinoipal 
teachers  in  the  School  of  Mines  in  1852-4,  of  which  Sir  Henry  T. 
De  la  Beche  was  the  Director.  Huxley  joined  the  staff  towards  the 
end  of  the  time,  and  W.  T.  Blanford  had  the  advantage  of  hearing 
one  or  two  of  his  earlier  lectures. 

After  leaving  the  School  of  Mines  in  1854,  a  year  was  passed 
at  Freiberg  in  Saxony  in  the  study  of  chemistry,  mineralogy, 
mining,  and  metallurgy.  Before  this  year  came  to  an  end,  the 
brothers  were  offered  and  accepted  posts  on  the  Geological  Survey 
of  India,  under  Dr.  Thomas  Oldham,  F.R.S.,  the  then  Superintendent 
They  sailed  for  India  in  the  late  Summer,  and  arrived  in  Calcutta 
at  the  end  of  September,  to  find  that  Dr.  Oldham  was  away  with 
Colonel  Phayre's  mission  to  the  Court  of  Ava,  and  no  information 
of  tlieir  appointment  had  been  received  by  any  Government  official. 
There  was  no  Survey  office  at  that  time,  and  it  was  only  by  chance 
the  brothers  met  Mr.  W.  Tlieobald,  a  member  of  the  Survey  staff. 
There  were  no  telegraphs  in  those  days,  and  posts  were  slow,  so 
that  nearly  two  mouths  elapsed  before  hearing  from  Dr.  Oldham. 
Part  of  the  time  was  spent  in  a  visit  to  the  Raniganj  Coalfield,  and 
in  the  study  of  Hindustani.  On  Dr.  Oldham's  return  to  Calcutta 
in  December  everything  was  arranged,  and  in  January,  1856,  a  party 
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nsisting  of  W.  T.  and  H.  F.  Blanford,  with  Mr.  Tlieobald,  was 
spatched  to  examine  and  report  on  a  coalfield  near  Talohir,  about 
^  miles  north-west  of  Cuttaok  in  Orissa. 

This  survey  had  some  important  geological  results.  The  ooal 
IS  found  to  be  abundant,  though  of  very  inferior  quality,  but  the 
"st  steps  in  the  classification  of  the  Indian  coal-bearing  rocks  were 
ken  in  the  separati(m  of  a  lower  division  called  Talchir,  and  of 
higher  group,  provisionally  classed  as  Mahadeva,  from  the  coal- 
taring  beds  themselves,  to  which  the  name  Damuda  series  was 
ven  by  Dr.  Oldham.  This  subdivision  proved  the  key  to  the 
ossification  of  the  great  series  of  formations  subsequently  named 
e  Gond wana  system.  Another  and  even  more  interesting  discovery 
M  the  occurrence  of  large  boulders  in  fine  silt  in  the  Talchir  strata, 
id  it  was  suggested  that  the  boulders  had  reached  their  present 
»ition  by  the  agency  of  ice,  a  view  which,  although  long  regarded 
doubtful,  has  in  the  course  of  the  last  thirty  years  been  abundantly 
nfirmed  by  discoveries  of  a  similar  formation  of  like  geological 
^  in  many  parts  of  India,  in  Australia,  South  Africa,  and  South 
nerica,  and  by  ample  evidence  of  a  glacial  origin  for  these  erratics. 
Returning  to  Calcutta  in  May,  the  Blanfords  were  ordered  to 
iijiling  for  the  monsoon  months.  The  next  year  (1857)  they 
)re  separated,  the  younger  brother  being  left  in  charge  of  the 
ice  then  established  in  Calcutta,  whilst  W.  T.  Blanford  accompanied 
r.  Oldham  durino^  the  workinj^  season  1856-7  in  a  survey  of  the 
ijmahal  Hills.  Daring  the  latter  part  of  the  time  W.  T.  Blanford 
amined  the  country  to  the  westward  of  the  Kiijmahal  Hills,  and 
turned  to  Calcutta  in  May,  1857,  just  at  the  moment  when  the 
utiny  broke  out  at  Delhi.  He  had  actually  ridden  down  part  of 
e  Grand  Trunk  Road  through  the  discharged  sepoys  of  the  2nd 
renadiers,  whose  regiment  had  just  been  disbanded  at  Barrackpore, 
d  one  of  the  last  officers  he  had  seen  in  the  district  traversed  was 
few  days  later  murdered  by  his  men  at  Deoghur. 
Dr.  Oldham  left  shortly  afterwards  for  England,  wliere  he  was 
cupied  on  official  work  till  nearly  the  end  of  the  year.  Henry 
ianford  went  to  Madras  at  the  head  of  a  Survey  party,  and  W.  T. 
lanford  was  left  in  charge  of  the  Survey  and  offices  throughout 
e  Mutiny  year.  He  joined  at  this  time  the  Calcutta  Volunteer 
ivalry  Guards,  a  corps  who  were  of  much  use  in  preserving  the 
ace  of  mind  of  the  residents  in  Calcutta,  but  were  never  called 
)on  to  take  the  field. 

The  year  1857-8  was  occupied  in  a  survey  of  the  Orissa  coast- 
nd,  but  few  districts  in  the  interior  of  Northern  India  were 
fficiently  settled  after  the  Mutiny  to  be  safe  for  small  parties  to 
ivel  in.  The  seasons  1858-i)  were  mainly  devoted  to  a  complete 
rvey  of  the  Raniganj  Coalfield,  the  most  important  source  of 
al  in  India.  The  ground  had  been  previously  surveyed  by 
r.  D.  H.  Williams,^  Dr.  Oldham's  predecessor,  but  the  whole  of  the 

^  ^fr.  D.  II.  Williams  was  formerly  attached  to  the  Geolofrioal  Survey  of  Great 
-itain  under  Do  la  Beche,  and  f^urveved  lari^o  areas  of  the  South  Wales  Coalfield. 
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to  mode  of  origin,  to  the  relation  of  oiganiems  to  phyaioal  oooditioBii 
and  to  the  question  of  oontemporaneity. 

Id  his  second  address  his  wide  knowledge  of  geology  and  nafconl 
history  was  brought  to  bear  on  the  much  debated  sabjeot  of  the 
permanenoe  of  ooean  basins ;  and  after  reviewing  the  evidenoe  with 
great  skill  and  judgment,  he  oonoluded  **  that  whilst  the  genend 
permanenoe  of  ooean  basins  and  continental  areas  cannot  be  ssid 
to  be  established  on  anything  like  firm  proof,  the  general  eTideiMe 
in  favour  of  this  view  is  very  strong.  But  there  is  no  evidenee 
whatever  in  favour  of  the  extreme  view  accepted  by  some  physioitts 
and  geologists  that  every  ooean  bed  now  more  than  1,000  fathoms 
deep  has  always  been  ooean,  and  that  no  part  of  the  oontinentsl 
area  has  ever  been  beneath  the  deep  sea.  Not  only  is  there  olesr 
proof  that  some  land  areas  lying  within  continental  limits  have  st 
a  comparatively  recent  date  been  submerged  over  1,000  fathoms, 
whilst  sea-bottoms  now  over  1,000  fathoms  deep  must  have  been 
land  in  part  of  the  Tertiary  era,  but  there  are  a  mass  of  facta  both 
geological  and  biological  in  favour  of  land  •  conneotion  having 
formerly  existed  in  certain  cases  across  wbat  are  now  broad  aud 
deep  oceans." 

Both  addresses  are  pervaded  by  a  philosophical  spirit  wfaiidi 
commands  our  admiration,  and  both  may  be  profitably  read  and 
re-read  at  the  present  day. 

One  who  is  well  acquainted  with  Mr.  Blanford  and  his  work 
writes : — '*  As  regards  Blanford 's  views  on  ocean  basins  and  old  land 
surfaces,  they  have  been  advocated  with  great  skill,  backed  by  an 
immense  experience,  and  seem  to  be  in  conformity  with  Lyellian 
doctriues.  One  important  feature  in  Blan ford's  career  is  the  way  in 
which  he  has  been  enabled  to  combine  geography  with  geology. 
No  one  can  have  been  said  to  have  done  so  much  to  harmonize  the 
sister  sciences,  and  the  prominent  positions  he  has  held,  from  time 
to  time,  in  the  Geological  and  Geographical  Societies  have  enabled 
him  to  give  effect  to  his  views  in  both  connections.  Together  with 
this  insight  into  the  physical  aspects  of  geology  he  combines 
extensive  zoological  knowledge,  as  more  especially  evinced  by  the 
works  which  he  has  produced  or  edited  for  the  Grovernment  of 
India  and  in  this  country.  His  work  in  every  department,  whether 
in  zoology,  geography,  or  geology,  has  been  marked  by  thoroughness 
and  accuracy." 

As  already  stated,  Mr.  Blanford  received  the  Wollaston  Medal  in 
1883,  immediately  after  his  final  return  from  India,  and  a  Boyal 
Medal  from  the  lioyal  Society  in  1901  in  special  recognition  of  his 
work  on  the  Geology  and  the  Fauna  of  British  India. 

In  1904  he  received  from  H.M.  the  King  the  Companionship  of 
the  Indian  Empire. 

He  is  an  Honorary  Member  of  the  Asiatic  Society  of  Bengal,  the 
Hungarian  Geological  Society,  and  the  American  Ornithologists' 
Union,  and  a  Corresponding  Member  of  the  Isis,  Dresden,  aud  the 
Belgian  Geological  Societies. 
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U8T  OF  SCIENTIFIC  PAPEES  BY  ME.  W.  T.  BLANFOED. 

IS54.    **  On  a  Section  lately  exposed  in  some  Excavations  at  the  West  India  Docks  *' : 

Jonrn.  Geol.  Soc.,  x,  pp.  433-435. 
lS5e,    (With  Messrs.  H.  F.  Blanford  and  Wm.  Theobald,  jun.,  Geological  Sorvey 

of  India)  '<  On  the  Geological  Structure  and  Eolations  of  the  TalcheeV 

Coalfield  in  the  District  of  Cuttack*':    Mem.  Geol.  Surv.  India,  i, 

pp.  33-«8. 
1859,    «  Note  on  the  Laterite  of  Orissa  " :  Mem.  Geol.  Suit.  India,  i,  pp.  280-294 . 
i860.    '*  On  the  Eocks  of  the  Dam(ida  Group,  and  their  Associates  in  Eastern  and 

Central  India,  as  illustrated  by  the  Ee-eiuimination  of  the  E^ganj 

Field":  Joum.  As.  Soc.  Bengal,  xxix,  pp.  3d2-d''>8. 
1860-1.     (With  Mr.  H.  F.  Blanforf)  ♦*  Contributions  to  Indian  Malacology": 

Joum.  As.  Soc.  Bengal,  xxix,  pp.  117-127,  and  xxx,  pp.  347-367. 
1861.     ''Note  on  the  Geological  Stincture  and  Eolations  of  the  E&niganj  Coalfield, 

Bengal  ** :  Mem.  Geol.  Surv.  India,  iii,  pp.  1-195. 

1861.  " Note  on  a  Species  of  Pleetopylis^  Benson,  occurring  in  Southern  India" : 

Ann.  Nat  Hist.,  vii,  pp.  244-246. 

1862.  "  Contributions  to  Indian  Malacology,  No.  3 :   Descriptions  of  new  Opercu- 

lated  Land- Shells  from  Pegu,  Arakan,  and  the  Khasi  Hills"  :  Joum. 
As.  Soc.  Ben^,  xxxi,  pp.  135-144. 

1862.  *  *  Account  of  a  Visit  to  PupD&doung,  an  Extinct  Volcano  in  Upper  Burmah  " : 

Joum.  As.  Soc.  Bengal,  xxxi,  pp.  215-226 ;   Eep.  Brit.  Assoc,  pt.  ii, 
pp.  69-70. 

1863.  "  On  Indian  Species  of  Land-Shells  belon^ng  to  the  genera  SeliXj  Linn., 

and  Naninat  Gray  "  :  Ann.  Nat.  Hist.,  xi,  pp.  81-86. 
1863.     "  On  the  Animals  of  Jtaphaidus,   Spiracttluitiy   and  other  Tube  -  bearing 

Cyclostomacea  "  :  Ann.  Nat.  Hist.,  xii,  pp.  55-58. 
1863.      **  Descriptions  of  Cremnohatea  Stjhadrennia  and  Lithotin  rupicola^  two  new 

Generic  Forms  of  MoUusca  inhabiting  Cliffs  in  the  Western  Ghats  of 

India":  Ann.  Nat.  HK,  xii,  pp.  184-1*87. 

1863.  *'  Contributions  to  Indian  Malacology,  Xo.  4:    Descriptions  of  New  Land- 

Shells  from  Ava  and  other  parts  of  Burmah'* :  Joum.  As.  Soc.  Bengal, 
xxxii,  Dp.  320-327. 

1864.  **  On  the  Classification  of  the  Cyclostomacea  of  Eastern  Asia"  :  Ann.  Mag. 

Nat.  Hist.,  xiii,  pi).  441-465. 

18G5.  **  Contributions  to  Indian  Malacology,  No.  6:  Descriptions  of  Now  Land- 
Shells  from  Arakan,  Pegu,  and  Ava,  with  Notes  on  the  Distribution  of 
Described  Species"  :  Journ.  As.  Soc.  Bengal,  xxxiv,  pt.  2,  pp.  66-105. 

I860.  **0n  the  Manner  of  Occurrence  of  the  Reptilian  Remains  found  in  the 
Panchet  Beds  of  the  Raniganj  Coalfield,  and  on  the  probable  conditions 
existing  at  the  time  when  these  rocks  were  deposited"  [I8G0]:  Pal. 
Ind.  fPret.  Vert.),  i,  1865-85  (pt.  1),  pp.  i-iii. 

1865.  •*  On  the  Stratigraphy  and  Homotaxis  of  the  Kot^i-Maledi  (Maleri)  Deposits 

[1878];  Pal.  Ind.  (Pret.  Vert.),  i,  1865-85  (pt.  2),  pp.  17  (i««)-23. 

1866.  "Contributions  to  Indian  Malacology,  No.  6:    Descriptions  ot  New  Land- 

Shells  from  the  Nilgiri  and  Anaraullay  Hills  and  other  places  in  the 
Peniu.sula  of  India'* :  Joum.  As.  Soc.  Bengal,  xxxv,  pt.  2,  pp.  31-42. 

1566.  **  Contributions  to  Indian  Malacology,  No.  7:    List  of  Species  of  L';jto  and 

Anodonta  described  as  occurring  in  India,  Ceylon,  and  Bunna"  :  Journ. 
As.  Soc.  Bengal,  xxxv,  pt.  2,  pp.  134-155. 

1866.  **  On  Opifithostoma,  H.  Blanford,  with  the  Description  of  a  New  Si)ecies  from 

the   Neighbourhood  of  Bombay,  and  of  the   Animal  and   Operculum 
iO.  Fairl/anki)'^  :  Proc.  Zool.  ^oc,  pp.  117-451. 

1867.  **  Descriptions  of  some  Indian  and  Burmese  Specic-s  ot  Ass'\minea  {A.  cornea, 

A.  suhconica^  A.  marffinata,   A.  rotunda,  A.   rithcUa)  "  :     Ann.    Mag. 
Nat.  Hist.,  xix,  pp.  381-386. 

1567.  **  Stone   Implements  found  in   Central  India":    Proc.  As.   Soc.   Bengal, 

pp.  136-138,  144-145. 
1867.     **  Rediscover}'  of  Franklin's  Ccrthia  spilonofa  {Salpornis  silonota,  Gray)": 

Ibis,  iii,  pp.  40 1-464. 
1S67.     *'0n  a  New  Species  of  Odlene  from  the  Pulney  Hills  in  Southern  India 

(C.  albivcntruy  Fairbank) "  :  Proc.  Zool.  Soc,  pp.  832-834. 
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1867.     "Note  on  the  Geolog:y  of  the  Neighbourhood  of  Ljuyan  and  Rimneekote^ 
north-west  of  Kotree,  in  Sind":  Mem.  Geol.  Surv.  India,  vi,  pp.  1-15. 

1867.  "On  the  Geology  of  a  portion  of  Cutch " :   Mem.  Geol.  Surv.  India,  xiy 

pp.  17-38. 

1868.  "  Description    of    Fairbankia    hombai/ana,    a    new   genus   and   species  of 
Rissoidffi  from  Western  India'* :  Ann.  Mag.  Nat.  Hist.,  ii,  pp.  399-401. 

"  Contributions  to  Indian  Malacology,  No.  8 :  List  of  Estuanr  Shells  collected 
in  the  Delta  of  the  Irawady  in  Pegu,  with  Descriptions  of  New  Species  " : 
Joum.  As.  Soc.  Bengal,  xxxvi,  pt.  2,  pp.  51-72. 
**  Zoolo^cal  Notes  *' :  Joum.  As.  Soc.  Bengal,  xxxvi,  j)t.  2,  pp.  189-200. 
**  Contnbutions  to  Indian  Malacology,  No.  9 :   Descriptions  of  New  Diplom- 
matinoD  from  Darjiling  and  the  Khasi  Hills" :  Joum.  As.  Soc.  Bengal, 
xxxvii,  pt.  2,  pp.  77-83. 
1868.     "  Natural  History  iNotes  made  on  a  Voyage  to  Abyssinia  *' :  Proc.  As.  Soc. 

Bengal,  pp.  65-66. 
1868.     "  On  the  Zoology,  etc.,  of  Abyssinia  " :  Proc.  As.  Soc.  Bengal,  pp.  83-86. 
1868.     "Notes  on  Abyssinia" :  Proc.  As.  Soc.  Bengal,  pp.  167-174. 
1868.     "Notes  on  a  Joumey  in  Northern  Abyssinia":   Proc.  As.  Soc.  Bengal, 

pp.  276-287. 
1868.     "  M^onographie  du  genre  Ct/athqpoma^*:  Joum.dc  Conchyl.,  xvi,  pp.  256-263. 

1868.  "Note  sur  les  Nicida^  section  subgen6rique  dcs  Diplommatina  Habitant  la 

Peninsule  de  I'lude" :  Joum  de  Conchyl.,  xvi,  pp.  330-336. 

1869.  "  On  the  Animal  and  Operculum  of  Geoi-issa^  W.  Blanf.,  and  on  its  Relations 

to  Hydrocentty  Parreyss ;    with  a  Note  on  Bf/drocena  tersa^  Bens.,  and 

H.  miliunif  Bens.  "lAnn.  Mag.  Nat.  Hist.,  iii,  pp.  173-179. 
1869.     "Notes  on  some  Indian  and  Mascarene  Land-Shells":   Ann.  Mag:  Nat. 

Hist.,  iii,  pp.  340-344. 
1869.     "  Descriptions  of  five  Birds  {Hirundo  athiopicay  Rniicilla  (?)  fuscicaudata^ 

Fhyllos^copus  habessmicuSj  AUitida  p^'atermissa,  Crithaara  Jlavivertex), 

and  a  Hare  {Lepns  tigrensia),  from  Abyssinia"  :  Ann.  Mag.  Nat.  Hist., 

iv,  pp.  329-330. 
1869.     **  Contributions  to  Indian  Malacology,  No.  10:  Descriptions  of  New  Species 

of  Cvclophoridii',  of  Eunea  and  Strepiaxis^  from  the  HiUs  of  Southern  and 

Soutli  -  Western    India " :    Joum.   As.    Soc.    Bengal,   xxx^-iii,   pt.   2, 

pp.  125-143 ;  Proc.  As.  Soc.  Bengal,  pp.  65-67. 
1869.     "Ornithological  Notes,  chiefly  on  some  Birds  of  Central,  Western,  and 

Southern  India  " :  Joum.  As.  Soc.  Bengal,  xxxviii,  pt.  2,  pp.  164-191 ; 

Proc.  As.  Soc.  Benj^al,  pp.  104-105. 
1869.     "  On  the  Fauna  of  British  India,  and  its  Relations  to  the  Ethiopian  and 

so-called  Indian  Fauna"  :  Rep.  Brit.  Assoc,  xxxix  (sect.),  pp.  107-108. 
1869.     "  On  the  Traps  and  Inter- Trappean  Beds  of  Western  and  Central  India  "  : 

Mem.  Geol.  Surv.  India,  vi,  pp.  137-162. 
1869.     "  On  the  Geology  of  the  Tap  tee  and  Lower  Nerbudda  Valleys  and  some 

Adjoining  Districts":  Mem.  Geol.  Surv.  India,  vi,  pp.  163-384. 
1869.     "Descriptions  of  New  Land  and  Fresh-water  MoUuscan  Species  collected 

by  Dr.  John  Anderson  in  Upper  Burma  and  Yunan"  :  Proc.  Zool.  Soc, 

pp.  444-450. 

1869.  "On  the  Species  of  Hyrax  inhabiting  Abyssinia  and  the  Neighbouring 

Countries":  Proc.  Zool.  Soc,  pp.  638-642. 
1869-70.     **  On  the  Geology  of  a  portion  of  Abyssinia  "  :  Quart.  Joum.  Geol.  Soc, 
XXV,  pp.  401-406  ;  Phil.  Mag.,  xxxix,  p.  389. 

1870.  "  On  Geonsm^  Acmella  {Cyclostoma  teraum^  Bens.),  Tricula^  and  Cyaihopoma 

miliiwn,  Bens.":  Ann.  Mag.  Nat.  Hist.,  vi,  pp.  368-370. 
1870.     "  Contributions  to  Indian  Malacology,  No.  11 :  Descriptions  of  New  Species 

of  Faliidomus^  Cremnoconchm^  Cycloatoma,  and  of  Helicidsi),  from  various 

parts  of  India"  [1869]:  Joum.  As.  Soc.  Bengal,  xxxix,  pt.  2,  pp.  9-25. 
1870.     "Notes  on  some  Reptilia  and  Amphibia  from  Central  India":  Joum.  As. 

Soc.    Bengal,   xxxix,   pt.   2,   pp.    335-376  ;    Proc  As.   Soc    Bengal, 

pp.  254-257. 
1870.     "  On  Faults  in  Strata  "  :  Geol.  Mao.,  vii,  pp.  115-118. 
1870.     "List  of  liirds  obtained  in  the  Irawadi  Valley  around  Ava,  Thayet  Myo,  and 

Bassein":  Ibis,  vi,  pp.  462-470. 
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1870.    "  On  the  Coal  Seams  of  the  Tawa  Valley,  Baitool  District,  Central  Provinces  " 

[1868] :  Rec.  Geol.  Surv.  India,  i,  pp.  8-11. 
1870.    "  On  the  Coal  Seams  of  the  Neighbourhood  of  Chanda  "  [1868] :  Rec.  Geol. 

Snnr.  India,  i,  pp.  23-26. 
1870.    "Notes  on  the  Route  from  Poena  to  Nagpur  via  Ahmednuggur,  Jalna, 

Loonar,  Yeotmahal,  Mangali,  and  Eingunghat'*  [1868]:    Rec.  Geol. 

Sunr.  India,  i,  pp.  60-65. 
1870.    " Note  on  the  Lead  Vein  near  Chicholi,  Raip(ir  District" :  Rec.  Geol.  Surv. 

India,  iii,  pp.  44-45. 
1870.    "  Report  on  the  Coal  at  Korba  in  the  Bilaspur  District"  :  Rec.  Geol.  Surv. 

India,  iii,  pp.  54-57. 
1870.    **  Note  on  the  occurrence  of  Coal  east  of  Chatisgarh  in  the  country  between 

Bilasp(ir  and  R&nchi " :  Rec.  Geol.  Surv.  India,  iii,  pp.  71-72. 

1870.  •*  Obeervations  on  the  Geology  and  Zoology  of  Abjssinia,  made    ...    in 

1867-8":  pp.  xii,  487,  13  pis.,  1  map,  text-illustration;  London. 

1871.  **  Lists  of  Birds  collected  or  observed  in  the  Wardha  Valley  and  its  vicinity 

near  Chknda":  Joum.  As.  Soc.  Bengal,  xl,  pt.  2,  pp.  268-277. 
1871.     **  Notes  on  three  New  Birds  from  Sikhim  {Pht/lioscopus  pallidipeSy  Fellorneiitn 

Maitdelliiy  Fropasser  aaturaiw'* :  Proc.  As.  Soc.  Bengal,  pp.  215-216. 
1871.    "Note  on  the  Plant-bearing  Sandstones  of  the  Godavery  Valley,  on  the 

southern  extension  of  rocks  belonging  to  the  Kamthi  Group,  to  the 

neighbourhood  of  Ellore  and  R&j^andri,  and  on  the  possible  oocurrenco 

of  Coal  in  the  same  direction  "  :  Rec.  Geol.  Surv.  India,  iv,  pp.  49-52,  82. 
1871.     **  Report  on  the  Progress  and  Results  of  Boring  for  Coal  in  the  Godfi-vari 

\  alley  near  D(im&g(idem  and  Bhadrkchalam  " :  Rec.  Geol.  Surv.  India, 

iv,  pp.  59-66. 

1871.  "Descnption  of  a  New  Himalayan  Finch  (Frocarduelis  ntbcscetia)  *' :  Proc. 

Zool.  Soc,  pp.  693-695. 

1871-2.  **  Account  of  a  Visit  to  the  Eastern  and  Northern  Frontiers  of  Independent 
Sikhim,  with  Notes  on  the  Zoology  of  the  Alpine  and  Sub-Alpine 
Regions":  Joum.  As.  Soc.  Bengal,  xl,  pt.  2,  pp.  367-120;  xli,  pt.  2, 
pp.  30-71  ;  Proc.  As.  Soc.  Beugul,  1871,  pp.  107-170,  220-228. 

1871-2.  **  Description  of  the  Sandstones  in  the  nei<^hboui*hood  ol  the  First  Barrier 
on  the  Godivari  and  in  the  country  between  the  Godiivari  and  EUorc"  : 
Rec.  Geol.  Surv.  India,  iv,  pp.  lOT-llo;  v,  pp.  23-28. 

1872.  "Notes  on  a  Collection  of  Birds  from  Sikhim"  [1871]:  Joum.  As.  Soc. 

Bengal,  xli,  pt.  2,  pp.  152-170. 
1872.     "Monograph  of  Himalayan,  Assamese,  Barmese,  and  Cingalese  Clatmlia** : 

Joum.  As.  Soc.  Bengal,  xli,  pt.  2,  pp.  199-200. 
1872.     "Description  of  the  Geology  of  Nagpur  and  its  Neighbomhood " :    Mem. 

Geol.  Surv.  India,  ix,  pp.  2CJ5-330. 
1872.     **Note  on  the  Geological  Formations  seen  along  the  Coasts  of  BilOchistan 

and  Persia  from  Karachi  to  the  Head  of  the  Persian  Gulf,  and  on  some  of 

the  Gulf  Islands"  :  Rec.  Geol.  Sun.  India,  v,  pp.  41-13. 
1872.     "  Sketch  of  the  Geologv  of  Orissa"  :   Rec.  Geol.  Surv.  ludia,  v,  pp.  5G-Ca. 
1872.     "  Note  on  Maskat  and  Massantlim  on  the  East  Coast  of  Arabia  "  :  Rec.  Geol. 

Surv.  Indm,  v,  pp.  75-77. 

1872.  "Sketch  of  the  Geology  of  the  Bombav  Presidency":    llec.  Geol.  Surv. 

India,  v,  pn.  82-102. 

1873.  "  On  some  evuience  of  Glacial  Action  in  Tropical  In(Ua  in  Paheozoic  (or  the 

oldest  Mesozoic)  Times"  :  Rep.  Brit.  As-m)c.,  xliii  (sect.),  p.  70. 
1873.     "  On  the  Fauna  of  Persia"  :  llq).  Brit.  Assoc,  xliii  (sect.),  pp.  1 10-111. 
1873.     **  On  the  Physical  Geography  ol  the  Deserts  of  Persia  and  Central  Asia"  : 

Rep.  Brit.  Assoc.,  xliii  (sect.),  pp.  102-103. 
1873.      "On  the  Nature  and  probable  Orii^nu   of  tlu;  Superficial  Deposits  in  the 

Vallevs  and  Deserts  of  Central  iV-rsia"  :  Quart  Jouru.  Geol.  Soc,  xxix, 

pp.  493-503. 
1873.     "  Not<j  on  the  Gazelles  of  India  and  Persia,  with  Descriptions  of  a  New 

Species  {Gazella  fuac'ifrons)  "  :  Proc  Zool.  ,Soc.,  pp.  313-319. 
1873.     "Descriptions  of  New  Specius  of  Xtctanuia   [A'.   {Arachucchthra)    hrcvi- 

rMtrii],  Sitta  [6*.   rupicolal,  and   F<inis  [/*.  p/uconottoi,  F.  {Cifaumtcs) 

persicHs]  from  Versia  nnd  Fuluchistun  "  :  ibis,  iii,  pp.  80-^0. 
1873.     ''NoU'Son  ' Stray  Feathers '" :  Ibis,  iiij  pp.  211-225. 
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1873.  '*  Deecriptioiis  of  a  New  Jay  lOarrulua  hyreaimsj  and  a  New  Woodpeeker 

IPicM  Sancti'Johannis]  from  Persia  *' :  Ibis,  ui,  pp.  225-227. 

1874.  **  Descriptions  of  New  Lizards  from  Persia  and  Baliiclustan*' :  Ann.  Ma^. 

Nat.  Hist.,  xiii,  pp.  453-455. 
1874.    **  Descriptions  of  New  Reptilia  and  Amphibia  from  Persia  and  BaKicluBt&n" : 

Ann.  Mag.  Nat.  Hist.,  xiv,  pp.  31-35. 
1874.     **  Description  of  a  New  Eeliz  from  Southern  India  {HemipUeta Beddomei) ": 

Ann.  Mag.  Nat.  Hist.,  xiv,  pp.  406-407. 
1874.     "  Notes  on  the  Synonjmy  of  some  Indian  and  Persian  Birds,  with  Descriptions 

of  two  New  Species  from  Persia  {Syhia  ruhescens^  ErithacuM  hyrcanut) ": 

Ibis,  iv,  pp.  75-81. 
1874.     '*  Description  of  two  Uromasticine  Lizards  from  Mesopotamia  and  Soaiheni 

Persia  {Uromaatix  microlepit,  Cmtrotraehelut  lorieatus)**:   Proc.  Zool. 

Soc,  pp.  656-661. 
1874.     **  On  two  Species  of  Herpestea  {R,  ferruffineM,  H.  persicut)  and  a  Hare 

{Lepus  day  anus)  collected  by  Dr.  F.  Day  in  Sind  " :   Proc.  Zool.  Soc, 

pp.  661-664. 
1874.     (With  Mr.  H.  E.  Dresser)  "  Notes  on  the  [Ornithological]  Specimens  in  the 

Berlin  Museum  collected  by  Hemprich  and  Ehrenoerg " :    Ibis,  iT, 

pp.  335-343. 

1874.  (With  Mr.  H.  E.  Dresser)  ^'  Monograph  of  the  genus  Saxieola^  Bechstein  "  : 

Proc.  Zool.  Soc,  pp.  213-241. 

1875.  "  Descriptions  of  New  Mammalia  from  Persia  and  Bal(ichist&n  '*:  Ann.  Mag. 

Nat.  Hist.,  xvi,  pp.  309-313. 
1875.    <*  On  the  Scientific  Names  of  the  Sind  *  Ibex,*  the  Markhor,  and  the  Indian 

Antelope  '* :  Joum.  As.  Soc.  Bengal,  xUv,  pt.  2,  pp.  12-20 ;  Proc.  As. 

Soc.  Bengal,  p.  120. 
1875.     "List  of  Mammalia  collected  by  Dr.  Stoliczka  in  Kashmir,  Lad&k,  Eastern 

Turkest&n,  and  Wakhfin,  with  Descriptions  of  New  Species**:   Joora. 

As.  Soc.  Bengal,  xliv,  pt.  2,  pp.  105-112. 
1875.     '*  On  the  Species  of  Marmot  {Arctomyi)  inhabiting  the  Himalayah,  Tibet,  and 

the  Adjoining  Regions** :  Joum.  As.  Soc.  Bengal,  xliv,  pt.  2,  pp.  1 13-127. 
1875.     "List  of  lleptilia  and  Amphibia  collected  by  Dr.  Stoliczka  in  Kashmir, 

Ladkk,  Lastem  Turkest^ui,  and  Wakhkn,  with  Descriptions  of  New 

Species**:  Journ,  As.  Soc.  Bengal,  xliv,  pt.  2,  pp.  191-196. 
1875.     **Note  on  a  Large  Hare  {Lepm  hypsibius)  inhabiting  High  Elevations  in 

Western  Tibet":  Joum.  As.  Soc.  Bengal,  xliv,  pt.  2,  pp.  214-215. 
1875.     "Note  on  some  Flint -Cores  and  Flakes  from  Sakhar  and  Kohri  on  the 

Indus,  Sind":  Proc.  As.  Soc.  Bengal,  pp.  134-136. 
1875.     **Re|)ort  on  Water-bearing  Strata  of  the  Surat  District*' :  Rec.  Geol.  Surv. 

India,  viii,  pp.  49-55. 
1875.     **  On  some  Stags'  Horns  from  the  Thian-Shan  Mountains  in  Central  Asia" : 

Proc.  Zool.  Soc,  pp.  637-640. 

1875.  "  Eypocol'iHs  ampelihus  in  Sind  '*  :  "  Stray  Feathers,**  iii,  pp.  358-361. 

1876.  "Note    on  the    Synonvmy  of    Spizalaiida'*  :     "Stray    Feathers,"     iv, 

pp.  237-242. 
1876.     "  The  African  Element  in  the  Fauna  of  India :  a  Criticism  of  Mr.  Wallace's 

Wews  as  expressed  in  the  *  Geographical  Distribution  of  Animals  *  *' : 

Ann.  Mag.  Nat.  Hist.,  xviii,  pp.  277-294. 
1876.     "On  some  Lizards  from  Sind,  with  Descriptions  of  New  Species  of  iYyo- 

doctyiuSf  SteuodactylitSf  and  Trapelus " :   Joum.  As.  Soc.  Bengal,  xlv, 

pt.  2,  pp.  18-26. 
1876.     "  Description   of    Felis   Shawiana,    a    New    Lyucine    Cat    from   Eastern 

Turkestdn  " :   Joum.  As.  Soc.  Bengal,  xlv,  pt.  2,  pp.  49-51 ;   Proc.  As. 

Soc.  Bengal,  p.  124. 
1876.     "On  the  Physical  Geography  of  the  Great  Indian  Desert,  with  especial 

reference  to  the  former  existence  of  the  Sea  in  the  Indus  Valley ;  and  on 

the  Origin  and  Mode  of  Formation  of  the  Sand  Hills  '*  :  Joum.  As.  Soc. 

Bengal,  xlv,  pt.  2,  pp.  80-103 ;  Proc.  As.  Soc.  Bengal,  pp.  141-142. 
1876.     "  Note  on  the  Geological  Age  of  certain  groups  comprised  in  the  Gond¥Flaia 

Series  of  India,  and  on  the  evidence  they  afford  of  distinct  Zoological 

and  Botanical  Terrestrial  Regions  in  Ancient  Epochs'*:    Rec.   Geol. 

Surv.  India,  ix,  pp.  79-85. 


W.  T.  Blan/ord,  CLE.,  F.R.S.  18 

1876.  "  Note  on  the  *  Africa-Indien '  of  A.  yon  Pelzeln,  and  on  the  Mammalian 

Fauna  of  Tibet " :  Proc.  Zool.  Soc.,  pp.  631-634. 
1S76.    **  On  M>me  of  the  Specific  Identifications  m  Dr.  Gunther*8  second  report  on 

collections  of  Indian  Reptiles  obtained  by  the  British  Museum  "  :   Proc. 

Zool.  Soc.,  pp.  635-637. 
187S.    "Eastern  Persia,   an  account  of  the  Joumevs  of  the  Persian  Boundary 

Commission,  1870-72  '* :  vol.  ii,  **  The  Zoology  and  Geology  " :  pp.  viii, 

616,  pis.  28 ;  London. 
1876-8.    ••  On  the  Geology  of  Sind  " :  Rec.  Geol.  Surv.  India,  ix,  pp.  8-22 ;  xi, 

pp.  161-173 ;  Proc.  As.  Soc.  Bengal,  pp.  3-8. 

1877.  "  A  few  Additions  to  the  Sind  Avifauna  " :  »*  Stray  Feathers,"  v,  pp.  245-247. 
1877.    ''Xotes  on  some  Birds  in  Mr.  Mandelli's  Collection  from  Sikhim,  Bhutan, 

and  Tibet  '* :  **  Sti-ay  Feathers,"  v^p.  482-487. 
1877.    "  On    an    apparently    undescribed     Weasel     from    Tarkhand     (Mmtela 

Stoliczkana)  *' :  Joum.  As.  Soc.  Bengal,  xlvi,  pt.  2,  pp.  259-261 ;  Proc. 

As.  Soc.  Beneal,  p.  148. 
1877.    **  On  the  Met&d  Rat  {Golunda  mettada.  Gray),  with  a  note  on  O,  Ellioti  "  : 

Joum.  As.   Soc.   Bengal,  xlvi,  pp.  288-293;    Proc.  As.  Soc.  Bengal, 

p.  168. 
1877.    "  Description  of  Spiraeulum   Masterai  '* :    Joum.   As.  Soc.  Bengal,  xln, 

pt.  2,  pp.  313-314. 
1877.    **  ^ote  on  two  species  of  Asiatic  Bears,  the  *  Mamh  *  of  Bal6chist&n  {Ursm 

gedroHanm)  and  Urans  furuinoitu,  Blyth,  of  Tibet,  and  on  an  apparently 

undescribed  Fox  ( Vulpet  eanus)  from  BaKichistan  *' :    Joum.  As.  Soc. 

Bengal,  xlvi,  pt.  2,  pp.  315-323  ;  Proc.  As.  Soc.  Bengal,  pp.  204-205. 
1877.     **  On  an  apparently  Xew  Hare  {Lepus  Biddulphi)  and  some  other  Mammaliu 

from  feil^t"  :  Journ.  As.  Soc.  Bengal,  xlvi,  pt.  2,  pp.  323-7;   Proc. 

As.  Soc.  Bengal,  p.  205. 

1877.  **  Geological    Notes    on    the    Great    Indian    Desert    between    Sind    and 

R&jputkna"  :  liec.  Geol.  Surv.  India,  x,  pp.  10-21. 

1878.  **  Descnption  of  Ruticilla  sehisticepa,   Ilodg^.'*  [1877]  :    Joum.  As.  Soc. 

Bengal,  xlvii,  pt.  2,  pp.  1-2. 
1878.     **  Notes  on  some  Reptilia  from  the  Himalayas  and  Burma":  Joum.  As.  Soc. 

Bengal,  xlvii,  pt.  2,  pp.  125-131  ;    Proc.  As.  Soc.  Bengal,  pp.  141-142. 
1878.     **0n  some  Mammals  from  Tenasserira "  :    Joum.  Ah.   Soc.  Bengal,   xhii, 

pt.  2,  pp.  150-167. 
1878.     **  Description    of    a   supposed    New    Hedj^ehog    from    Muscat    in   Arabia 

[E,  nigerY^  \  Journ.  As.  Soc.  Bengal,  xlvii,  pt.  2,  pp.  212-213. 
1878.     **  Description  of  two  apparently  New  Mammals  tnnu  Tenasserim  [^Frionodati 

maadmui^  Sciitrutt  mjigemsy^ :  Proc.  As.  Soc.  Bengal,  pp.  71-72. 
1878.     *'The  Palajontological  Relations  of  the  Gondwdna   System:    A  Roply  U* 

Dr.  Feistmantel  ** :  Rec.  Geol.  Surv.  India,  xi,  pp.  104-150. 
1S78.     **The  Pikermi  and  Siwalik  Faunas  Pliocene,  not  Miocene"  :   Nature,  xviii, 

p.  501. 
1878.     **  Scientific  Results  of  the  Second  Yarkand   Mission,  based  upon  the  Col- 
lections and  Notes  of  the  late  F.  St<)liezka  "  (Geology  by  AV.  T.  Blanford) : 

pp.  50,  text- illustration  ;  Calcutta. 

1878.  '*  Wild  Swans  in  Sind  "  :   '*  Strav  Feathers,"  vii,  pp.  99-101. 

1879.  •*  Notes  on  the  List  [bv  A.  O.  *Hurae]  of  the  Birds  of  India":    "Stray 

Feathers,"  ^-iii,  pp. '176-184. 
1870.     **  Scientific  Results,"  etc.  (Mammalia  by  W.  T.  Blanford) :  pp.  94,  pis.  16, 

several  supplementarv  plates  ;  Calcutta. 
1879.     *' Scientific  Results"  ete.  (Reptilia  by  W.  T.  Blanford):    pp.  26,  pis.  2; 

Calcutta. 
1H"9.     **  A  Second  Note  on  Mammalia  ci»Ileeted  by  Major   Biddulpli  in  Gili^it": 

Joum.  As.  Soc.  Bengal,  xlviii,  pt.  2,  pp.  95-98. 
1^79.     **  Notes  on  a  Collection  of  Reptiles  and  Frogs  from  the  Neighbourhood  of 

Ellore    and    Dumagudem":     Joum.    Aj<.    Soc.    Bengal,    xhiii,   pt.    2, 

pp.  IIO-IIG. 
Iv'^TO.     *'  Notes  on  a  Collection  of  Reptiles  made  by  Major  ().  B.  St.  John,  R.E.,  at 

Ajmerein  Rajputana":  Joum.  As.  Soc.  Beuiral,  xlviii,  pt.  2,  pp.  1 19-127. 
1879.     (With  Mr.  H.  B.  Medlicott)  **A  Manual  of  the  Geolo-y  ol  ludia" '.  Uo 

part9,  pp.  xriii,  Ixxx,  817;  Calcutta. 


14       Eminent  Liung  Oeohgisfs—JF.  T.  Blan/ord,  F.S.8. 

1880.     ''On  a  Species  of  Ti'ochahpttrttm  from  Travancore ** :   Joam.  As.  See. 

Ben^,  xlix,  pi.  2,  pp.  142-144. 
1880.    ''Contributions  to  Ini^an  Malacology,  No.  12:   Descriptions  of  New  Land 

and  Fresh -water  Shells  from  Soutiiem  and  Western  India,  Burmah,  the 

Andaman  Islands,  etc." :  Joum.  As.  Soc.  Bengal,  xlix,  pt.  2,  pp.  181-222. 
1880.     "Description  of  an  Arvicola  from  the  Punjab  Himalayas  [A.  wynneip 

n.  sp.] '* :  Joum.  As.  Soc.  Bengal,  xlix,  pt.  2,  pp.  244-245. 
1 880.     ' '  On  the  ueological  Age  and  Relations  of  the  Siwalik  and  Pikermi  Yertebrafe 

and  Invertebrate  Faunas*' :  Rep.  Brit.  Assoc.,  pp.  677-679. 

1880.  "The  Geology  of  Western  Sind":  Mem.  Gool.  Surv.  India,  xvii  [Art  1  = 

pp.  (1)-(210)]. 

1881.  "  Note  on  a  Central  Asiatic  Field-Mouse  {Mus  arianus)  ** :  Ann.  Mag.  Nat. 

Hist.,  vii,  p.  162. 
1881.     "On  the  Voles  {Arrieola)  of  the  Himalayas,  Tibet,  and  Afghanistan": 

Joum.  As.  Soc.  Bengal,  l,  pt.  2,  pp.  88-1 17. 
1881.     "  On  Mt/o*pahx  fuscieapilluSy  Blyth     :   Joum.  As.  Soc.  Bengal,  l,  pt.  2, 

pp.  i 18-123. 
1881.    "A  Numerical  Estimate  of  the  Species  of  Animals,  chiefly  land  and  fresh- 
water, hitherto  recorded  from  British  India  and  its  Dependencies " : 

Joum.  As.  Soc.  Bengal,  l,  pt.  2,  pp.  263-272. 
1881.     "  The  Great  IMaiu  of  Northern  India  not  an  Old  Sea-Basin":  Rep.  Brit 

Assoc.,  pp.  638-6t}9. 
1881.     "On  our  present  knowledge  of  the  Fauna  inhabiting  British  India  and  its 

Dependencies":  Hep.  Brit.  Assoc.,  pp.  677-679. 
1881.     "On  a  Collection  of  Reptiles  and  Frogs  chiefly  from  Singapore*':   Proc. 

Zool.  Soc.,  pp.  215-227. 
1881.     '* Notes  on  the  Lizards  collected  in  Socotra  by  Professor  J.  Bayley  Balfour*': 

Proc.  Zool.  Soc,  pp.  464-469. 

1 881 .  "  On  a  Collection  of  Persian  Reptiles  recently  added  to  the  British  Museum  " : 

Proc.  Zool.  Soc.,  pp.  671-682. 

1882.  "Report  on  the  Proceedings  and  Results  of  the  Intemational  Greological 

Congress  of  Bologna*' :  Rec.  Geol.  Surv.  India,  xv,  pp.  64-76. 
1882.     **  Report  on  the  Pench  River  Coalfield  in  Chhindwdra  District,  Central 
Provinces"  [1860] :  Rec.  Geol.  Surv.  India,  xv,  pp.  121-137. 

1882.  "  Note  on  the  Coal  of  Much  in  the  Bolan  Pass,  and  of  Sharftg  or  Shangh  on 

the  Ilaraai  Route  between  Sibi  and  Quetta  " :  Rec.  G«ol.  Sunr.  India, 
XV,  pp.  H9-15a. 

1883.  "  Goologicul  Notes  on  the  Hills  in  the  Neighbourhood  of  the   Sind  and 

Pun j lib  Frontier  between  Quetta  and  Dera  Ghazi  Khan":  Mem.  Geol. 
Suiv.  India,  xx  [Art.  2  =  pp.  (105)-(240)]. 
1885.     Address  to  the  Geological  Section  of  the   liritish  Association,  Montreal, 
pp.  1-21  :  also  Rec.  Geol.  Surv.  India,  xviii,  pp.  32-57. 

1885.  "A  Monograph  of  the  genus  Faradoxnrus,  F.  Cuv." :    Proc.  Zool.  Soc., 

pp.  780-808. 

1886.  "Report  on  the  Intemational  Geological  Congress  of  Berlin"  :  Rec.  GJeoL 

Surv.  India,  xix,  pp.  13-22. 

1886.  "  On  Additional  Evidence  of  the  occurrence  of  Glacial  Conditions  in  the 

Palieozoic  Era,  and  on  the  Geological  Age  of  the  Beds  containing  Plants 
of  Mesozoic  tvpe  in  India  and  Australia":  Joum.  Geol.  Soc,  xlii, 
pp.  249-263.  ' 

1887.  "Note  on  a  Character  of  the  Talchir  Boulder  Beds":    Rec.  Geol.  Surr. 

India,  xx,  p.  49. 
1887.     "Critical  Notes  on  the  Nomenclature  of  Indian  Mammals":   Proc.  ZooL 

Soc,  pp.  620-638. 
1888-91 .     "  Tlio  Fauna  of  British  India,  including  Ceylon  and  Burma  " :  Mammalia, 

pp.  i-xx,  1-256;  second  part  (1891),  pp.  i-v,  257-617. 

1889.  Anniversary  Address  of  the  President,  "  Geological  Nomenclature"  :   Proc. 

Geol.  ^oc,  xlv,  pp.  37-77. 
1S90.     Anniversarv  Address  of  the  President,  "Permanence  or  otherwise  of  Ocean 
Basins^' :  Proc.  Geol.  Soc,  xlvi,  pp.  43-110. 

1890.  "  On  the  Gaur  and  its  Allies"  :  Proc  Zool.  Soc,  pp.  592-599. 

1891-2.     "  Note  on  the  Age  and  Ancient  Glaciers  of  the  Himalayas  "  :  Geol.  Mao., 
Ill,  viii,  pp.  209-210,  372-375;  ix,  pp.  161-168. 


John  Francis  Walker — On  Species.  15 

1802.    <'  On  two  Heads  and  a  Skin  of  the  Yarkand  Stag*' :     Proc.  Zool.  Soc., 

pp.  116-117. 
1893.    *'  On  a  Stag  [Cervus  thoroldi)  from  Tibet,  and  on  the  Mammals  of  the  Tibetan 

Plateau"  :  Proc.  Zool.  Soc.,  pp.  444-449. 
1893.    <*0n  the  Scientific  Name  of   the  Indian  Cuckoo*':    Proc.  Zool.   Soc., 

pp.  315-319. 

1893.  "  On  some  Genera  of  Oriental  Barbets  "  :  Ibis  (6),  v,  pp.  234-240. 

1894.  "  On  the  Scientific  Names  of  the  Imperial  and  Spotted  Eagles,  and  on  the 

Generic  Names  of  Bonelli's  Eagle  and  of  the  Black  Eagle  " :  Ibis  (6),  vi, 
pp.  283-219. 

1895.  "  The  Fauna  of  British  India,  etc.** :  Birds,  iii,  pp.  xiv,  450. 

1898.  '*  The  Fauna  of  British  India  ** :  Birda,  iv,  pp.  xxxi.  500. 

189$.    *^  Notes  on  L^»  oioatolM  and  Z.  pallipes  from  Tibet,  and  on  a  Kashmir 
Macaque*':  Proc.  Zool.  Soc.,  pp.  357-362. 

1899.  "  On  some  Species  of  Shells  of  the  genera  Streptaxis  and  Ennea  from  India, 

Ceylon,  and  Burma** :  Proc.  Zool.  Soc.,  pp.  764-770,  1  plate. 

1900.  "  On  a  particular  Form  of  Surface,  apparently  the  Result  of  Glacial  Erosion, 

seen  on  Loch  Lochy  and  elsewhere     :  Journ.  Gt>ol.  Soc.,  Ivi,  pp.  198-203. 

1901.  •*  Report  on  the  Geological  Congress  of  Paris,  1900  ** :   Mem.  Gool.  Surv. 

India,  xxx,  pp.  225-230. 
1901.    **The  Distribution  of  Vertebrate  Animals  in  India,  Ceylon,  and  Burma*': 
Phil.  Trans.  Roy.  Soc,  ser.  B,  cxciv,  pp.  335-436. 


II. — On  the  Formation  of  a  Species. 

By  John  Francis  Walker,  M.A.,  F.L.S.,  F.G.S.,  etc. 

^pHE  object  of  this  communication  is  to  try  to  give  a  theory  of 
X  what  takes  place  when  one  species  is  changed  into  another. 
When  the  species  A  is  converted  into  the  species  B  there  must 
be  an  intermediate  transitional  stage  in  which  the  collection  of 
individuals  is  neither  the  species  A  nor  the  species  B.  I  have 
already  defined  a  species  as  a  centre  round  which  individuals  are 
thickly  clustered,  and  the  spaces  between  these  centres  may  be 
either  devoid  of  individuals  or  contain  here  and  there  an  abnormal 
form  (Davidson's  "  Suppt.  Jurassic  Brachiopoda,'*  Pal.  Soc,  1876, 
p.  122). 

This  idea  may  be  expanded  thus  : — The  true  type  of  a  species 
is  its  centre,  where  the  individuals  are  most  thickly  clustered  and 
most  closely  resemble  each  other ;  those  further  from  the  centre 
differ  less  or  more  widely  from  the  type  as  they  approach  nearer 
the  boundary  of  the  species. 

As  a  species  moves,  either  in  geographical  space  or  geological 
time,  the  position  of  its  centre  will  gradually  alter,  if  its  environ- 
ment be  different,  so  that  forms  like  those  contained  near  the 
boundary  of  the  species  A,  and  therefore  not  typical  of  it,  may 
become  the  centre  of  the  species  B  and  typicjil  of  it.  The  specimen 
first  figured,  the  so-called  type  of  a  species,  may  be  characteristic  of 
it  if  it  happens  to  be  an  individual  near  the  centre  of  the  species, 
but  it  is  not  so  if  it  is  a  specimen  near  the  boundary  of  the  species; 
a  named  figured  specimen  is  only  a  fixed  point. 

The  so-called  species  are  of  unequal  value ;  they  may  have  been 
named  from  an  abnormal  form  of  growth,  or  from  an  immature 
specimen  in  which  the  characters  have  not  been  fully  deve\oip^3L, 
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or  from  one  of  unasual  size,  or  from  a  badly  preserved  speoimen  in 
which  the  oharaoters  are  obscure.  Many  of  the  older  speoies  have- 
been  made  into  subgenera,  and  these  again  divided  into  species. 
The  difference  between  a  species  and  a  variety  is  that  the  species  is- 
more  permanent,  being  in  a  state  of  stable  equilibrium. 

I  have  stated  (Davidson's  '*  Suppt.  Jurassic  Brachiopoda,*'  p.  180} 
that  it  is  advisable  to  give  a  name  to  a  well-marked  variety  when 
it  is  constantly  found  in  a  given  geological  horizon,  although  it  may 
be  connected  by  rare  forms  with  other  species,  and  also  for  the 
puqiose  of  limiting  the  extent  of  variation  of  a  form  bearing  the 
same  name,  so  that  there  can  be  no  doubt  which  variety  is  referred 
to  when  it  is  stated  to  occur  in  a  certain  district. 

Species  can  be  made  to  appear  to  have  been  joined  together  by 
selecting  the  abnormal  forms  out  of  thousands  of  specimens  and 
neglecting  the  percentage  of  normal  ones.  The  abnormal  form  of  one 
species  may  be  the  normal  form  of  another  species.  The  true  centre  of 
a  species  may  be  found  b}'  collecting  from  a  given  locality  a  very 
large  number  of  specimens  and  observing  the  percentage  of  the 
different  forms.  The  greatest  number  of  individuals  closely  re- 
sembling each  other  will  indicate  the  centre  of  the  species  at  that 
locality.  It  will  be  found  that  no  two  individuals  are  exactly  alike^ 
but  the  amount  of  variation  of  those  which  form  the  bulk  of  the 
collection  is  infinitesimal ;  these  are  the  centre  of  the  species,  whilst 
the  rarer  forms  differ  from  the  typical  specimens,  and  are  therefore 
further  from  tlie  centre  of  the  species.  The  conversion  of  one 
species  into  another  must  be  gradual,  as  a  sudden  change  woald 
probably  make  the  species  extinct,  as  it  would  require  time  to  adapt 
itself  to  the  conditions  which  alter  its  form.  Great  and  sudden 
alterations  in  form  tend  to  weaken  an  individual  so  that  it  seldom 
survives ;  this  serves  to  check  rapid  variation. 

Tlie  tendency  of  variation  in  a  species  is  also  checked  by  their 
interbreeding  with  each  other,  and  probably  the  power  of  variation 
during  a  limited  time  is  not  great  without  exhausting  the  species, 
llie  susceptibility  to  the  influence  of  environment  will  vacy  in 
different  individuals  :  some  will  be  able  to  alter  their  form  and  adapt 
themselves  to  the  new  conditions,  others  will  scarcely  be  able  to 
alter  and  will  become  gradually  extinct. 

The  rate  of  variation  in  individuals  may  be  different,  and  give- 
rise  to  new  species :  thus,  the  species  A  may  develop  two  or  more 
points  nearer  its  circumference  where  individuals  differing  from 
the  typical  form  begin  to  thickly  cluster,  and  so  give  rise  to  new 
centres,  the  percentage  of  the  normal  form  of  the  species  A  becoming 
gradually  less  ;  these  centres,  if  isolated  from  each  other,  will  give 
rise  to  new  species.  The  spaces  between  different  centres  of  species 
are  unequal,  owing  to  missing  species  which  have  not  yet  been 
discovered. 

The  duration  of  the  life  of  a  species  will  depend  on  the  length 
of  time  it  exists  under  the  same  conditions ;  the  longer  it  does  so 
the  less  it  will  vary,  as  it  will  have  gradually  acquired  the  most 
favourable  form  for  its  environment,  and  therefore  all  variationa 
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will  be  less  favoarable  and  have  less  cbanoe  of  surviving.  This 
will  account  for  the  greater  length  of  time  the  Palaeozoic  species 
existed  compared  with  the  Mesozoic  species,  as  the  seas  would  have 
greater  extent  and  be  less  broken  up  by  land. 


III. — Book  Cavities  in  Obanite  in  Madaqasoab. 

By  the  Bct.  Bichakd  Babon,  F.L.S.,  F.6.S.,  Tananariye,  Madagascar. 

I  WAS  much  interested  in  the  account  of  the  '  erosion '  of  rocks  in 
Corsica  given  by  Mr.  Tuckett  and  Professor  Bonney  respectively 
io  the  January  and  August  numbers  of  the  Gbologioal  Maqazinb 
for  1904,  more  especially  as  I  have  been  long  acquainted  with  similar 
phenomena  in  Madagascar,  and  have,  equally  with  the  authors 
mentioned,  been  long  puzzled  to  find  an  explanation  of  their  origin 
at  all  satisfactory. 

Perhaps  a  brief  statement  of  the  occurrences  of  such  rock  '  erosion  * 
in  the  form  of  cavities  as  I  have  met  with  in  Madagascar  may  be 
worthy  of  a  place  in  the  Magazine,  as  being  another  small  oon- 
tribation  to  the  subject. 

I  shall  first  of  all  give,  in  very  few  words,  a  description  of  the 
rook  in  which  the  cavities  occur,  and  then  proceed  to  a  short 
account  of  a  few  of  the  most  striking  of  the  cavities  themselves. 

The  rock  (apparently  a  boss)  in  which  these  cavities  occur  is 
porpbyritic  granite,  occupying,  roughly  speaking,  a  circular  area 
of,  say,  fifteen  or  sixteen  miles  in  diameter,  and  weathering,  as  granite 
usually  does,  into  small  and  large,  more  or  less  rounded  or  oval- 
sbaped  hills,  which  are  scattered  all  over  the  surface.  The  western 
edge  of  the  mass  is  some  ten  or  twelve  miles  to  the  east  of 
Antananarivo,  the  capital  of  the  island. 

The  rock  is,  strictly  speaking,  a  porpbyritic  hornblende-granitite 
(i.e.  hornblende-biotite-granite).  In  colour  it  is  grey,  blotched,  and 
streaked  with  black.  Fully  three-fourths  or  four-fifths  of  its  bulk 
is  felspar.  This  occurs  in  the  form  of  porpbyritic  crystals,  the 
longest  of  which  attain  sometimes  two  inches  in  length.  The  felspar 
includes  orthoclase-micropertbite  (pure  ortboclase  is  apparently 
quite  absent,  or  at  any  rate  rare),  microoline,  and  another  plagioclase 
(?  oligoclase)  ;  these  exist  in  not  very  unequal  proportions.  The 
felspars  often  show  the  central  accumulation  of  extremely  minute 
dusty  particles,  more  frequently  seen  perhaps  in  more  basic  rocks 
(gabbros  and  norites  especially).  Micropegmatite,  as  well  as 
ordinary  quartz-felspar  mosaic,  occurs  as  a  coating  round  some  of 
the  grains.  Both  the  felspar  and  the  quartz  (the  latter  with  abundant 
planes  of  gas  and  liquid  inclusions)  show  signs  of  some  amount 
of  molecular  strain.  The  mica  is  ordinary  brown  biotite,  and  the 
amphibole  ordinary  green  hornblende.  These  occur  in  irregular 
flakes  and  grains,  but  are  often  so  intimately  associated  as  to  lead 
to  the  supposition  that  the  one  has  been  derived  from  the  other. 

As  accessory  minerals,  occur  spbene  (pretty  abundant),  magnetite 
(often  intergrown  with  iron  pyrites),  apatite,  zircon,  and  calcite, 
possibly  also  a  few  minute  garneta, 
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The  porpbyritio  felspaiB  often  show  a  slight  flaxioiial  amunge- 
ment  The  rock,  except  superficially,  is  quite  fresh,  and  at  tho 
localities  where  the  cavities  occur  the  weathering  has  not  prooeedecl 
further,  neither  in  depth  nor  degree,  than  in  other  places. 

The  above  is  a  brief  description  of  the  granite  in  which  the 
cavities  to  be  described  are  found.  It  must  be  remembered,  bow- 
ever,  that  many  more  cavities  are  known  than  those  here  mentioned, 
and  that  all  these  together  doubtless  form  but  a  very  small  fraction 
of  those  which  exist  throughout  the  granitic  area. 

The  first  hole  I  shall  describe  is  situated  in  the  middle  of  a  per- 
pendicular face  of  rock  some  two-thirds  of  the  way  up  one  of  the  high 
hills  close  by  the  village  of  Alarobia.  The  lower  edg^  of  the  hole 
is  8  or  10  feet  above  the  foot  of  the  rock,  and  cannot  be  reached 
without  the  aid  of  a  small  ladder  or  other  contrivance.  The  rock 
at  its  surface  is  somewhat  weathered,  but  not  more  so  than  in  other 
places.  The  entrance  is  nearly  round,  and  some  5  or  6  feet 
in  diameter.  Inside,  from  the  roof  downwards,  the  hole  measures 
12  feet,  the  width  is  10,  and  the  depth  inwards  and  horizontally 
from  the  entrance  is  9.  It  is  in  part  divided  into  two  portions 
by  a  projecting  ridge;  these  two  portions  are  together  roughly 
separated  into  eight  rounded  divisions ;  and  these  again  into  some 
three  dozen  smaller  ones,  the  average  being  more  than  sufficient 
to  contain  a  man's  head.  The  walls  are  not  smooth,  and  not  specially 
weathered;  in  fact,  they  are  much  the  same  as  the  rock  outside. 
A  white  powder  may  be  seen  here  and  there  on  the  surface,  which, 
possessing  an  alkaline  taste,  may  be  a  potash  salt  derived  from 
the  felspar. 

At  the  foot  of  the  hill  there  is  a  fallen  rook,  in  the  face  of 
which  are  two  holes,  each  about  the  size  of  a  very  large  straw 
beehive. 

Another  hole  is  to  be  found  on  the  east  side  of  the  mountain  of 
Ambohibory,  about  half-way  up.  The  entrance  is  about  4  ft.  high 
by  2  ft.  6  in.  in  width,  and  of  a  rounded  shape,  like  that  of  the  large 
cavity  mentioned  above.  The  interior  measures  5  ft.  2  in.  from  the 
roof  downwards ;  from  the  mouth  inwards  to  the  back  is  4  ft. ; 
the  direction  at  right  angles  to  this  being  4  ft.  10  in.  The  wall 
of  the  cavity  contains  thirteen  or  fourteen  rounded  depressions. 

On  the  same  hill,  a  little  farther  south,  is  to  be  found  another  but 
smaller  cavity.  Its  dimensions  are  as  follows :  height  1  ft.  6  in., 
horizontal  diameters  3  ft.  by  3  ft.  10  in.  There  are  two  entrances 
near  to  each  other,  one  2  ft.  4  in.  wide  by  1  ft.  9  in.  high,  the  other 

1  ft.  wide  by  1  ft.  6  in.  high.     In  the  interior  there  are  three  or  four 
nest-like  depressions. 

Not  far  away,  on  the  same  side  of  the  hill,  there  is  another  cavity 
having  a  comparatively  small  entrance  (about  2  ft  by  2  ft.).  Tlie 
height  of  the  interior  is  about  3  ft.,  its  breadth  from  right  to  left 

2  ft.,  and  its  depth  from  the  mouth  inwards  5  ft  5  in.     In  the  wall 
are  six  or  eight  smaller  cavities. 

There  is  another  hole  a  few  yards  further  south  on  the  under 
side  of  an  overhanging   mass  of  granite.     Though   it  is   small,  it 
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<)0Dtaio8  three  or  four  basin-shaped  depressions.    Other  caTities 
«xi8t  farther  south. 

On  the  mountain  of  Ambohitsileo  there  are  several  other  oayities, 
one  of  which  is  probably  larger  than  any  of  those  mentioned  above. 

On  the  north  side  of  the  mountain  of  Angavokely  there  is  also 
a  large  cavity. 

It  stands  to  reason  that  if  in  the  course  of  two  or  three  com- 
paratively short  rambles  so  many  rock  cavities  should  be  found, 
a  further  acquaintance  with  the  granitic  area  would  probably  reveal 
tlie  existence  of  others  in  large  numbers. 

How,  then,  are  these  rock-holes  to  be  accounted  for?  I  have 
known  of  their  existence  for  many  years,  but  they  had  practically 
passed  out  of  my  mind  until  I  came  across  the  articles  in  the 
GiOLOGicAL  Magazine  for  1904.  The  explanation  of  their  formation 
which  always  occurred  to  me  when  I  thought  about  them  was  that 
they  represented  what  were  originally  nests  of  felspar,  which  had 
since  decayed  and  disappeared.  I  have,  however,  always  felt  the 
explanation  to  be  unsatisfactory,  and  for  the  following  reasons : — 
(I)  Though  segregations  of  the  more  basic  minerals  (often  taking 
the  form  of  true  diorite)  are  quite  common  in  the  granite,  segregations 
of  felspar  (except  here  and  there  in  veins)  I  have  never  come  across. 
I  do  not,  of  course,  say  that  there  are  none  such.  (2)  Felspar  nests 
can  hardly  be  supposed  to  have  had  in  all  cases  the  remarkably 
rounded  outlines  and  the  rounded  protuberances  on  the  surface 
which  the  cavities,  such  as  I  have  described,  seem  to  require. 
(3)  If  these  holes  really  represent  nests  of  felspar  which  have  rotted 
out  and  disappeared,  it  is  difficult  to  account  for  the  felspar  crystals 
on  the  present  walls  of  the  cavities  remaining  comparatively  fresh  ; 
and  (4)  it  is  difficult  to  see  by  what  process,  on  this  supposition, 
the  decayed  felspar  has  been  so  cleanly  scooped  out  of  the  holes. 

The  theory  that  these  numerous  cavities  have  been  eroded  by 
the  action  of  wind-carried  sand  cannot  possibly  account  for  them, 
at  any  rate  in  the  area  I  am  speaking  of,  for  the  simple  reason  that 
there  is  no  sand  anywhere  near  worth  speaking  of,  and  sand-laden 
winds  are  unknown  in  the  interior  of  the  island.  Moreover,  would 
not  sand-abrasion  produce  stria3  round  the  walls  ?  The  theory  on 
the  face  of  it  seems  far-fetched.  Abrasion  of  plain  surfaces  by 
blown  sand  in  the  open  country  is  quite  explicable,  but  that  the 
sand-laden  wind  (supposing  sand  to  be  present)  should  gyrate 
and  bore  at  particular  points  sufficiently  long  or  frequently  to 
produce  these  remarkable  cavities  seems  to  me  entirely  incredible. 

**  Nor,"  as  Professor  Bonney  says,  "  does  the  action  of  dew  or 
of  moisture  in  any  form  seem  a  promising  explanation,  for,"  etc. 

If,  then,  these  rock  cavities  are  due  neither  to  the  decay  and 
disappearance  of  knots  or  nests  of  felspar,  nor  to  erosion  by  blown 
sand,  nor  to  the  action  of  "  dew  or  moisture  in  any  other  form,** 
bow  are  they  to  be  accounted  for  ? 

I  make  bold  to  suggest  an  explanation,  to  which  at  present  I  can 
see  no  objection,  and  which,  at  any  rate,  would  account  for  Wi^ 
phenomena;    it  is  that  these  cavities  represent   spaces   occupied  b\j 
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imprisoned  vapoure  in  the  original  rook  wuigwuL.  We  know  what  an 
important  role  the  oocloaion  of  gas  and  liquid  babbles  plays  in 
individual  minerals ;  to  bow  laige  an  extent  babbles,  many  of  them 
gigantic,  of  steam  and  other  gases  rise  from  the  depths  to  the  aorfaoe 
during  Tolcanic  activity ;  and  how  also  solidified  lava  is  frequently 
riddled  with  rounded  vesicles,  the  former  reoeptaoles  of  imprisoned 
gas.  Is  it  therefore  improbable  that  the  hot  vapours  in  oertain 
deep-seated  magmas,  instead  of  being  entirely  absorbed,  have,  in 
certain  parts  and  under  certain  conditions,  so  pushed  aside  the 
viscous  mass  by  their  expansive  foroe  as  to  form  larger  or  smaller 
vesicles  ?  And,  farther,  is  there  any  reason  against  the  supposition 
that  some  of  these  spaces  have  been  occupied  by  several  bubUes, 
for  a  time  at  least,  in  juxtaposition,  though  separated  probably  by 
partitions  of  the  magmatic  material  ?  The  existence  of  protrading' 
ridges  (which  are  sometimes  present)  would  seem  to  support  such 
a  view,  the  remaining  walls  having  broken  down  and  disappearsd. 
If  this  hypothesis  be  correct,  it  would  seem  to  follow  that  these 
gas  cavities,  or  some  of  them,  must  have  existed  during  at  least 
the  closing  stages  of  the  solidification  of  the  rock  ;  in  other  words, 
from  the  time  that  the  rock  was  still  sufficiently  viscous  to  permit 
of  being  pushed  aside  by  the  expansive  power  of  the  vapour,  until 
it  had  hardened  to  a  degree  sufficient  to  prevent  the  collapse  of  the 
walls  of  the  cavities.  Whether  previously  the  whole  of  the  gas 
was  equally  dispersed  throughout  the  rock  mass,  or  whether  part 
of  it  had  acoumulated  here  and  there  into  babbles,  I  do  not  pretend 
to  say.  The  diminution  of  pressure  during  the  final  stages  of 
solidification  would  probably  also  allow  of  the  increased  expansion 
of  the  imprisoned  gases.  It  would  also  follow  that,  as  denudation 
proceeded  at  the  surface  of  these  rock  masses,  fresh  cavities  should 
continually  come  to  the  surface,  and  that  this  is  the  case  seems  ta 
be  shown  by  the  smallness  of  the  entrance  to  some  of  the  holes 
(Professor  Bonney  speaks  of  one  only  two  inches  in  diameter),^ 
entrances  which  would  naturally  widen  until  the  hole  would  beoome 
more  or  less  basin-shaped,  and  finally  disappear. 

What  are  the  miarolitic  spaces  and  drusy  cavities  which  not 
unf requently  are  to  be  found  in  plutonic  rock  masses  ?  Are  these 
in  every  case  due  to  contraction  on  crystallization  of  the  rock 
material,  or  may  they  not  be  sometimes  owing  to  the  expansion 
of  localized  vapour?  If  the  latter,  these  rook  cavities  may  be 
nothing  more  than  miarolitic  spaces  or  druses. 

It  is  in  consequence  of  the  improbability  of  the  production  of 
these  rock  cavities  by  any  form  of  superficial  action  suggested  or 
apparently  conceivable  that  I  have  been  led  to  the  above  hypothesis 
as  their  efficient  cause.     What  are  the  objections  to  it  ? 

*  Mr.  Baron  has  forgotten  that  this  little  hole  was  merely  one  of  commonicatioii 
between  two  adjacent  cavities,  the  inner  of  which  had  one  of  ordinary  size  lower 
down. — Ed.  Geol.  Mao. 
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IV. ^WsATHULBD   DOLKRITB  OF  ROWLKY  ReQIS    (SoUTH  StAFFOBD- 

shirb)  oompabed  with  the  Latebitb  of  the  Wbstbbn  Ghats 
KSAB  Bombay. 

By  Dr.  Hugh  "Wabth. 

SINCE  it  has  been  proved  that  large  areas  of  basaltic  and  other 
igneous  rocks  within  or  near  the  Tropics  in  India,  on  the 
Seychelles,  and  in  Anstralia  yield  surface  deposits  (so-called  Laterites) 
identical  with  Bauxite,  it  is  of  great  importance  to  ascertain  exactly 
what  products  of  decomposition  or  weathering  originate  from 
corresponding  rocks  in  a  temperate  climate. 

My  attention  was  drawn  by  Professor  W.  W.  Watts  to  beds  of 
weaUiered  rock  which  overlie  the  Dolerite  of  Rowley  Regis.  These 
beds  are  about  20  feet  in  thickness  and  ochre-coloured.  The  material 
is  so  soft  that  it  is  easily  crushed  between  the  fingers,  whilst  its 
mineralogical  composition  and  its  mode  of  occurrence  leave  no  doubt 
as  to  its  having  been  formed  in  situ  from  the  Dolerite.  I  therefore 
decided  to  analyse  this  product.  The  following  table  contains  the 
result : — 

Column  i  of  the  table  represents  the  composition  of  the  original 
Rowley  Regis  rock,  which  was  obtained  as  the  average  of  three 
analyses,  two  of  them  by  J.  H.  Waller  ^  and  a  third  analysis  by 
Henry. 

Column  ii,  the  weathered  product  of  Rowley  Regis  (steam  dry). 

Column  iii,  composition  of  Dolerite  from  Poonah  on  the  Western 
Ghats  in  the  Bombay  Presidency  (analysed  by  my  son  F.  J.  Warth, 
M.Sc.). 

Column  iv,  the  composition  of  the  Laterite  which  rests  on  the 
Dolerite  at  Mahabaleshwar,  which  is  also  situated  on  the  Western 
Ghats  (see  p.  155,  Dec.  IV,  Vol.  X,  of  this  Magazine,  April,  1903, 
by  H.  &  F.  J.  Warth). 


Rowley  Regis 

• 

Western  Gh 

ATS. 

I. 

II. 

III. 

IV. 

SiO, 

49-3 

47-0 

50-4 

•7 

Ti  0\ 

•4 

1-8 

•9 

•4 

1*2  Os 

•2 

•7 

Alo  O3 

17-4 

18-5 

22-2 

60-5 

FeoOa 

2-7 

14-6 

9-9 

23-4 

FeO 

8-3 

3-6 

— 

MgO 

4-7 

5-2 

1-5 

CaO 

8-7 

1-5 

8-4 

K2O 

1-8 

2-5 

1-8 

Na^O 

4-0 

•3 

•9 

H2O 

2-9 

7-2 

•9 

25-0 

Total 


100-4 


99-3 


100-5 


100-0 


This  table  shows  the  striking  difiference  between  the  weathering 
of  the  Rowley  Regis  Dolerite  and  that  of  the  Dolerite  of  Poonah, 
-which  so  far  may  represent  the  whole  of  the  Deccan  Trap.     Whilst 


^  For  one  of  these  two  analyses  see  Teale's  Petrolojjy  ;  the  other  being  unpublished, 
Mr.  Waller  kindly  permitted  me  to  make  use  of  it. 
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the  Rowley  Begis  Dolerite  yields  a  prodaot  (oolnmn  ii)  whioh  differs 
oomparaiively  little  from  the  original  rook,  this  Diolerite  of  th» 
Western  Ghats  is  altogether  changed  into  a  mixture  of  alominiam 
hydrate  and  ferrio  oxide,  the  meet  remarkable  faot  being  the  nearly 
perfect  removal  of  the  silioa  in  the  latter  case. 

For  a  further  test  I  levigated  a  sample  of  the  Rowley  Beg^a 
product  very  carefully  by  suspension  in  water,  and  I  obtained  about 
10  per  cent  of  the  whole  as  a  very  fine  ochre-colonred  powder.  Th» 
composition  of  this  fine  powder  steam-dried  was  as  follows : — 

oi  Uf    •••    •••    •••    •••    #••  4o*u 

X 1  ^-^2    •••     •••     •••     *••     •••     V 

^9    ^^ K  •••  •■•  •••  #••  •••  O 

Al]  vl3       •••  •••  •••  •••  •••      ^A  V 

X  vj  v#3      ■**  ••#  •■•  •••  ••■      xxw 

Fe  C)  tr 

JU^    vJ  •••  •••  ••«  •••  •••  X* 

Ufi  vj  •••  •••  «••  •••  •••  3*o 

jBl2  \}  •••  •••  •••  ••  •  •••  ^*v 

x^ ^^^^   v^  •••  •••  •••  •■•  ■••  X  V 

Xl2  \J  •••  •••  ••«  •••  •••  0*0 
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There  is  no  essential  difference  between  this  fine  matter  and 
the  entire  weathered  product,  column  ii  of  the  table.  Comparing 
the  weathered  product  with  the  fresh  Rowley  Regis  rock,  we  find 
that  the  process  of  weathering  has  resulted  in  the  removal  of  far 
more  basic  substance  than  of  silica.  There  is  no  tendency  towards 
the  formation  of  a  Bauxite,  but  rather  towards  that  of  a  clay.  The 
relation  is  the  same  as  indicated  in  a  few  other  cases  by  Merrill, 
pp.  215,  216,  and  223  of  his  work  on  Rock- weathering.  Merrill 
was  able  to  illustrate  even  a  complete  change  into  clay  in  one  or 
two  iubtances,  and  we  may  safely  conclude  that  the  ultimate  product 
of  the  Rowley  Regis  rock  would  also  be  a  complete  clay.  Anyhow, 
this  Rowley  Regis  product  represents  altogether  a  different  trans- 
formation from  that  which  took  place  in  India. 

No  chemical  reaction  is  known  which  can  account  for  such 
a  complete  removal  of  silica  as  has  occurred  in  India,  neither  is 
there  any  explanation  why  such  a  reaction  should  work  in  India 
and  not  in  England.  The  only  hypothesis  we  have  is  the  one 
based  on  Mr.  T.  H.  Holland's  novel  and  ingenious  suggestion  ^  that 
the  silica  might  be  rendered  soluble  by  lowly  organisms  which  can 
thrive  in  the  uniformly  warm  climate  of  the  Tropics,  and  not  in 
a  region  of  lower  and  varying  temperature.  However,  there  is  as 
yet  no  actual  proof  for  this  hypothesis,  and  under  the  circumstances 
it  may  not  be  inappropriate  once  again  to  draw  the  attention  of 
chemists  to  this  remarkable  phenomenon  in  case  there  might  after 
all  be  a  strictly  chemical  solution  of  the  problem. 

There  is  one  point  which  requires  still  to  be  mentioned.  In  the 
above  it  was  assumed  that  the  surface  deposits  of  Laterite  (or  Bauxite) 

^  T.  H.  Holland  on  the  Constitution  of  Laterite,  Geological  Magazine,  Dec.  IN', 
Vol.  X,  February,  1903,  pp.  59-09. 
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in  $it&  from  the  Dolerite.  This  view,  however,  is  not 
shared  by  all  obseryers.  Some  eminent  geologists  consider  the 
high-level  Laterite  of  the  Western  Gh&ts  as  a  derived,  viz.  trans- 
ported, rock.  If  such  were  really  the  case  we  should  only  be  brought 
face  to  face  with  another  difficulty  almost  as  great  as  the  former. 
We  should  have  to  explain  why  and  how  in  particular  regions  such 
vast  quantities  of  ferric  oxide  and  alumina  were  extracted  from  the 
ig^neoos  rocks,  and  both  bases  redeposited  together  without  any 
admixture  of  other  substances  except  mere  traces  of  silica  and 
titanium  dioxide. 

35roTiOES   o:f   is/l:ems/loxti&,  etc. 


Bbief  Notices. 

1.  Regent  Disoovebies  in  Madaoasoab. — The  first  trimestrial 
number  of  this  year  of  the  Bulleiin  £conomique  of  Madagascar 
and  Dependencies  contains  a  preliminary  notice  by  Mr.  Standing 
on  the  discovery  of  sub-fossil  bones  at  Ampasambazimba  (west  of 
Lake  Itasy). 

A  great  number  of  bones,  which  were  found  embedded  partly 
in  a  travertine  and  partly  in  a  black  **  basaltic  or  peaty  "  soil,  have 
already  been  received  by  the  Acadimie  Malgache  of  Tananarive. 
Besides  fragmentary  remains  of  J7tppopofamti«,  Crocodiles,  Chelonians, 
and  ^pyomia,  there  are  several  beautifully  preserved  skulls  and 
fragments  of  jaws  and  limb-bones  of  extinct  Lemuroids,  a  descrip- 
tion of  which  will  be  given  in  the  Bulletin  of  the  Academie.  All 
the  known  groups  of  sub-fossil  Lemurs  are  represented  in  the 
collection. 

The  Megaladapis  *  group '  is  represented  by  the  anterior  part  of 
a  skull  of  M,  madagascarienais  and  by  several  fragmentary  jaws. 

The  remains  of  Palaopropitheci  are  numerous,  comprising  two 
fine  skulls  of  a  new  species,  together  with  other  less  complete 
skulls,  lower  jaws,  and  a  femur. 

The  Archaolemur  or  Nesopithecua  group  is  likewise  well  repre- 
sented. 

Of  the  Lemurs  sensu  atricto,  two  skulls  deserve  particular 
mention,  the  one  resembling  the  recent  Lemur  varius,  the  other  the 
extinct  Z.  insignia. 

Last,  but  not  least,  a  fragmentary  lower  jaw  is  said  to  be  of 
particular  interest,  as  throwing  light  on  the  origin  of  the  Aye-Aye 
{Chiromys), 

2. — L.  DoLLO.  Lbs  ANCETRKSDEsMosASAURiENS.  (Extr.  from  Bull. 
Scientif.  de  la  France  et  de  la  Belgique,  1903,  vol.  xxxviii,  pp.  1-3.) 

In  his  memoir  "  Uber  die  Varanns-artigen  Lacerten  Istriens " 
(Beitr.  zur  Pal.  und  Geol.  Oesterreich-Ungarns  und  des  Orients, 
1903,  vol.  XV,  p.  41)^  Baron  Franz  Nopcsa,  jun.,  arrives  at  the 
following  conclusions : — 

a.  The  Pythonomorpha  are  derived  from  the  Aigialosaurida^. 

»  See  Geol.  Mag.,  1903,  pp.  119-121. 
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h.  The  AigialosauridsB  show  already  adaptations  to  aqaatio  life 
in  the  stmoture  of  the  foot 

c.  Aigialosaurid»  and  Varanidn  have  for  common  (Jnraasio) 
ancestors  terrestrial  Reptilia,  which  therefore  most  have  had  an 
organization  very  similar  to  that  of  the  VaranidsB. 

M.  Dollo  claims  priority  for  these  results  by  referring  to 
pp.  269  and  251-259  of  his  memoir  of  1892,  "  Noavelie  Note  sur 
I'Osteologie  des  Mosasanriens  "  (Bull.  Soo.  Belg.  G6ol.,  Pal6ont,  et 
Hydr.,  Bruxelles,  1892,  vol.  vi,  pp.  219-259,  pis.  ui,  iv). 

3. — L.  DoLLO.  Lbs  Mosasaubikns  de  la  BBLGiQinL  (Ball.  Soc. 
Belg.  Geol.,  Paleont,  et  Hydr.,  Bruxelles,  1904,  voL  xviii, 
pp.  207-216,  pi.  vi.) 

Contains  some  new  observations  on  the  Mosasaurians.  Tlie 
following  remarks  on  the  difference  between  MosaaawruM  and 
Plioplatecarpus  are  of  especial  interest : — 

Mosasaurus — by  its  strong  dentition,  its  lateral  orbits,  its  thin 
tympanic  membrane,  by  the  absence  of  a  median  basi-occipital  oanaU 
by  its  elongate  thorax,  the  powerful  caudal  fin,  and  the  amall 
anterior  fins — is  shown  to  have  been  a  swimming  Mosasaurian^ 
living  near  the  surface,  and  enabled  to  capture,  while  swimming, 
the  formidable  creatures  which  formed  its  prey. 

Plioplatecarpus  —  by  its  reduced  dentition,  its  upward  tamed 
orbits,  its  calcified  tympanic  membrane,  its  median  basi-oooipital 
canal,  its  short  thorax,  its  feebly  developed  caudal  fin,  and  ita 
strong  anterior  fins— is  shown  to  have  been  a  diving  Mosasaurian, 
descending  to  more  or  less  considerable  depths,  and  feeding  on 
small  creatures. 

4. — L.  DoLLO.  L*Obigine  dbs  Mosasaubibns.  (Bull.  Soa  Belg. 
Geol.,  Paleont,  et  Hydr.,  Bruxelles,  1904,  vol.  xviii,  pp.  217-222.) 

The  author's  conclusions  are  as  follows  : — 

a.  Boulenger  was  the  first  to  point  out  the  relationship  between 
the  Dolichosaurians  and  the  Mosasaurians. 

6.  Gorgjanovic-Kramberger  has  given  an  important  contribution 
by  his  description  of  Aigialosaurus,  and  by  recognising  that  the 
Aigialosauridse  are  ancestral  to  the  Mosasaurians.  He  has, 
however,  imi>erfeotly  appreciated  the  phylogenetio  position  of  the 
Dolichosaurians. 

c.  The  author's  memoir  of  1894,  "  Nouvelle  Note  sur  rOst6ologie 
des  Mosasanriens,*'  based  on  original,  iuedited  materials,  gives  for 
the  first  time  the  real  relations  between  the  Laoertilians,  the 
Dolichosaurians,  and  the  Mosasaurians.  For  the  first  time  also  the 
Dolichosaurians  are  shown  to  be  genealogically  intermediate  between 
the  Lacertilians  and  the  Mosasaurians. 

d,  Williston  is  mistaken  in  assuming  (Journal  of  Geology,  1904, 
vol.  xii,  p.  45)  that  Boulenger  and  Dollo  have  simply  adopted  the 
views  of  Gorgjanovic-Kramberger. 

5.  The  RniETio  Bone-beds. — Mr.  W.  H.  Wickes  has  published  in 
the  Bristol  NaturalisCs  8ociety*s  Proceedings  (x,  pt  3,  1904)^  an 
interesting  and  important  communication  on  the  Khsdtic  Bone-beds. 
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Hi8  summary  reads  as  follows  : — ^The  '  Bone-bed '  is  not  a  regular 

or  persistent  bed,  bat  a  series  of  thin  sheets   (or  lentioules)    of 

▼aiying  extent,  ooming  in  at  yarious  horizons  and  deposited  at 

▼arioiis  times.     These  sheets  are  separate  and  have  no  connection 

m'th  each   other,  except   that   they   are  of  common  origin,  the 

general  structure  and  fossils  being  identical.     They  are  chiefly 

caused  by  the  Saurians  and  carnivorous  fishes,  being  the  remains 

of  their  victims,  with  the  addition  of  coprolites,  etc.     The  extent 

of  each  sheet  was  determined   by  the   size  of  the  shoal,  and  the 

thickness  hy  the  time  it  remained  at  that  atation.     At  intervals  the 

shoal  shifted  to  another   station,  where  the  process  was  repeated 

and  another  Bone-bed  formed.     Owing  to  deposition  of  sediment, 

each  successive  bed  was  on  a  higher  horizon  than  its  predecessors. 

These  are  original  organic  deposits  in  sM,  and  not  drifted  material. 

They  may  be  summed   up   as   submarine  guano  beds  laid  down 

by  the  floating  population  of  the  period.     We  must  refer  the  reader 

to   Mr.  Wickes*   paper  for  the  details   of  this  highly  suggestive 

piece  of  work,  but  may  mention  that  the  pebbles  in  these  beds 

are  attributed  to  fishes,  for  which  idea  a  good  deal  of  interesting 

evidence  is  brought  forward. 

6.  The  Eimxridgian  in  East  Prussia. — The  thick  covering  of 
drift  materials  so  eitensively  spread  over  the  flat  country  of  the 
north-east  of  Germany  very  effectually  conceals  the  solid  rocks 
beneath,  and  to  ascertain  their  nature  it  is  necessary  to  resort  to 
boring.  Near  Heilsberg,  in  the  centre  of  the  province  of  East 
Prussia,  a  boring  has  been  carried  down  to  a  depth  of  over  600 
metres  below  the  surface,  and  it  resulted  in  the  discovery  of  rocks 
of  Kimeridgian  age  at  a  depth  of  562  metres.  Dr.  P.  G.  Krause 
has  undertaken  the  examination  of  the  cores,  and  in  a  preliminary 
communication  in  the  Zeitschrift  d.  deutscben  geol.  Gesellsch., 
Bd.  Ivi  (1904),  p.  56,  he  states  that  the  rock  is  a  light- gray,  fine- 
grained sandstone  with  a  small  admixture  of  lirae  and  clay.  It 
contains  Cardioceras  Volga,  Pavlow,  very  numerous,  C.  cf.  subtili- 
costatum,  Pavlow,  C.  n.sp.,  Hopliles  subundorce,  Pav.,  H.  n.sp., 
Aspidoceras  acanthicum,  0pp.,  A.  cWKarpinakii,  Pav.,  Exogyra  virgula, 
Goldf.,  and  species  of  Astarte,  Peclen,  Protocardium^  Tliracia,  and 
Trigonia.  The  Ammonite  fauna  shows  a  very  close  resemblance 
to  that  described  by  Pavlow  in  the  Acanlhicus-zonQ  of  the  Volga 
district  of  Eastern  Russia.  Below  600  metres  the  Cardioceras- forms 
disappear,  and  thus  the  Kimeridge  beds  in  this  locality  would 
appear  to  be  not  more  than  38  m.  in  thickness. 

7.    FOBAMINIFERA  AND  OsTRACODA  FROM  THE  CrKTACEOUS  OF   EaST 

PoNDOLAND,  SouTH  AFRICA. — In  the  Annals  of  the  South  African 
Museum,  vol.  iv,  pt.  5,  F.  Chapman  describes  and  figures  18  species 
and  varieties  of  Foraminifera  and  7  species  and  varieties  of  Ostracoda 
from  a  greenish  argillaceous  and  sandy  rock  of  Cretaceous  age  from 
East  Pondoland,  Cape  Colony.  The  foraminifera  belong  to  the 
following  genera  :  Haplophragmium,  Bulimina,  Pleuroatomella, 
Nodosaria,     Vaginulina,     Cristellaria,     Polymorphina,     Qlobigerina, 
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Truneattdinay  PvlvinuUna,  and  Botalia,  Fifteen  of  the  18  8peoie» 
are  already  known  from  the  Cretaoeoiis  and  Tertiary  strata  of  thia 
country  and  Germany ;  they  are  all  snoh  as  would  be  found  in 
quite  shallow  water.  Of  the  Ostracoda,  one  doubtful  form  is  of 
Oolitio  age,  4  oocur  also  in  the  Gretaoeous  rooks  of  this  oonntry, 
whilst  2  are  described  as  new.  The  author  states  that  the  general 
facies  of  these  Miorozoa  indicates  a  position  intermediate  between 
the  Lower  and  Upper  Cretaceous  series. 

8. — Geology  of  the  Tbansyaal,  by  Dr.  G.  A.  F.  MoLSNoaAArF. 
Translated  from  the  French  by  J.  H.  Bonaldson,  M.E.  With 
Additions  and  Alterations  by  the  Author.  Boyal8vo;  pp.viii,90, 
19  figures ;  pi.  i,  Geological  Sketch  Map ;  pi.  ii,  Geological 
Sections.     (Edinburgh  and  Johannesburg,  1901.) 

This  memoir  appeared  originally  in  the  Bull.  Soc.  Geol.  de  Franoe, 
1901,  and  a  notice  of  it  was  given  in  the  October  Nomber  of  the 
Geol.  Mao.  (p.  475)  of  the  same  year.  The  translator  states  that 
the  English  edition  has  been  undertaken  in  the  hope  of  bringing, 
it  within  the  easy  reach  of  many  busy  men.  The  author  has  added 
a  new  chapter  and  corrected  and  augmented  the  others,  and  a  list 
of  the  principal  works  of  refei*ence,  brought  down  to  the  present 
year,  is  appended.  This  general  sketch  by  a  geologist  so  capable 
and  experienced  as  Dr.  Molengraaff  may  safely  be  commended  to 
all  who  are  interested  in  the  geological  structure  of  the  TransvaaL 
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I.  —  Memoirs  of  tue  Geological  Survey  of  England  ani> 
Wales.  Sheets  Soo  and  356 :  Geology  of  the  Oocntby 
ROUND  Kingsbridgk  AND  Salcombe.  By  W.  A.  E.  Ussheb, 
F.G.S. 

rpHIS  memoir  is  a  very  interesting  and  valuable  contribution  to 
JL  the  geology  of  Devonshire,  although  the  area  thus  mapped  and 
described  is  limited  in  extent.  The  b^ilk  of  the  rocks  consist  of 
Devonian  slates,  etc.,  bordered  on  the  south  by  the  Metamorphic 
schists  of  the  Salcombe  estuary  (Start  and  Bolt  rocks).  Within  the 
area,  likewise,  are  one  or  two  remnants  of  New  Bed  rocks,  whilst 
the  phenomena  of  Pleistocene  and  Becent  deposits,  including 
modern  beaches,  afford  much  material  for  study  and  investigation. 
Yet  the  chief  interest  of  the  memoir  centres  in  the  description  of 
the  Devonian  and  Metamorphic  rocks,  and  in  their  relation  to  each 
other  along  a  boundary  which  extends  from  sea  to  sea. 

In  these  days  of  thorough  research,  when  there  would  seem  to  be 
so  little  left  for  posterity  to  accomplish,  it  is  some  consolation  to 
find  that  even  within  the  limits  of  a  single  English  county  there  are 
yet  problems  in  its  geological  history  which  cannot  be  said  to  have 
been  altogether  solved.  Amongst  these  questions  still  tub  judieey  there 
are  few  more  interesting  and  perhaps  none  more  obscure  than  the  true 
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Illations  of  the  crystalline  rooks  of  Saloombe  to  the  Lower  Devonian 
rocks  on  their  northern  margin.  As  remarked  in  the  preface  by  the 
Director  of  the  Survey,  <'  the  age  of  the  schists  is  left  nndecided  by 
the  author,  though  more  definite  views  on  the  subject  have  been 
expressed  in  favour  of  their  antiquity  by  Professor  Bonney  and 
Miss  Haisin,  and  in  favour  of  their  being  metamorphosed  Devonian 
rocks  by  Jukes  &  Holl,  A.  Somervail,  and  A.  R.  Hunt." 

It  may  well  be  supposed  that  there  has  been  an  extensive 
literature  on  this  subject,  and  on  p.  42  a  summary  of  the  principal 
works  is  given.  Commencing  with  De  la  Beche,  the  father  of  the 
G^logical  Survey,  our  author  observes  that  he  approaches  the 
•abject  with  characteristic  caution.  There  appears  to  have  been 
a  belief  in  some  quarters  that  De  la  Beche  favoured  the  notion  that 
the  Metamorphic  schists  were  altered  Devonian  rocks.  Yet  his  views 
as  enunciated  in  his  classical  '*  Keport  on  the  Geology  of  Cornwall, 
Devon,  and  West  Somerset,"  though  by  no  means  dogmatic,  are 
strongly  in  favour  of  their  entire  independence  of  each  other. 

The  following  is  the  concluding  passage  of  his  chapter  on  the 
Mica  Slate,  Hornblende  Slate,  and  Associated  Rooks: — "Although 
there  may  be  some  obscurity  as  to  the  mode  in  which  the  red  and 
grey  argillaceous  slates  on  the  north  come  into  contact  with  the 
mica  and  cbloritio  slates,  the  line  which  separates  them  from  each 
other  may  be  considered  as  well  marked.  There  appears  no  passage 
from  one  into  the  other  which  would  authorize  the  supposition  that 
both  were  merely  portions  of  a  larger  mass,  one  having  been 
exposed  to  different  conditions  from  the  other,  subsequently  to  their 
original  formation,  by  which  its  first  mineral  character  became 
changed.  Neither  does  there  appear  any  mode  in  which  we  could 
consider  the  one  portion  to  have  been  buried  beneath  detrital 
accumulations  and  then  changed,  according  to  the  hypothesis  above 
noticed,  without  the  adjoining  mass  having  been  subject  to  like 
conditions.  If  the  one  be  an  altered  portion  of  a  larger  mass,  of 
which  the  other  constituted  a  part,  it  could  scarcely  have  been 
by  this  process.  In  the  absence  of  any  contradictory  evidence,  it 
would  appear  fair  to  infer  that  these  rocks  [the  mica  slate,  horn- 
blende slate,  etc.]  belong  to  that  class  which  is  more  ancient  tlian 
the  grauwacke  series ;  and  though  the  mica  and  chloritio  slates  of 
the  district  may  be  associated  with  rocks  possessing  an  arenaceous 
aspect,  even  supposing  they  may  be  detrital,  that  they  form  no 
part  of  that  series  which  adjoins  them  on  the  north."  Moreover, 
it  is  important  to  observe  that,  in  the  explanatory  column  of  his 
Index-map,  the  colour  by  which  the  Metamorphic  series  is  indicated 
bears  the  legend  "  Chlorite  Slate  and  Rock,  Mica  Slate  and  Gneiss." 

So  far,  therefore,  as  the  publications  of  De  la  Beche  himself  are 
concerned,  there  is  nothing  whatever  to  indicate  that  he  favoured 
the  hypothesis  of  metamorphosed  Devonians,  which,  as  we  have 
seen,  he  regarded  as  by  no  means  a  likely  solution  of  the  problem. 
Yet  we  are  confronted  with  this  difficulty,  viz.,  that  on  the  old 
Geological  Survey  map  the  boundary  between  the  two  series  is 
indicated,  for  the  most  part,  by  a  fiiint,  dotted  line,  and  the  rocks 
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of  the  southern  area,  under  the  symbol  k,  are  marked  in  the  index 
of  colours  as  "  Altered  Devonian."  This  old  map  bears  the  Ordnance 
Survey  date  of  1809,  but  we  have  not  seen  a  oopy  wherein  the  date 
of  the  geologioal  information  is  engraved,  neither  are  the  names  of 
the  surveyors  indicated.  This  is  the  more  unfortunate  beoaoae  there 
is  a  marked  differenoe  in  the  boundary-line  as  shown  on  the  old 
and  new  maps  respeotively,  so  that  it  would  have  been  sattsfaotory 
to  ascertain  who  was  reedly  responsible  for  having  indnded  8U(& 
a  considerable  outorop  of  undoubted  Devonian  rooks  within  the 
Metamorpbio  area  in  the  direction  of  the  east  coast  Mr.  Ussher 
duly  notices  this  in  his  memoir,  and  suggests  that,  whilst  from  the 
Eingsbridge  estuary  to  the  west  ooast  at  Hope,  '*  the  boundary  is 
shown  with  sufficient  accuracy  to  lead  one  to  infer  that  it  was  traoed 
on  the  ground,"  yet  that  in  the  eastern  district  the  boundary-line 
was  based  on  conjecture.  This  explanation  is  certainly  not  very 
complimentary  to  the  early  geological  surveyors. 

There  is  more  in  this  old  inaccuracy  than,  at  first  sights  meets 
the  eye;  because  if  the  Tinsey  Head  beds  were  included  in  the 
series  of  the  crystalline  schists,  such  inclusion  might  seem  to  favour 
the  notion  of  progressive  metamorphism,  which  has  been  a  cherished 
hobby  with  some  of  the  local  geologists,  but  which  is  not,  so  far 
as  the  present  memoir  goes,  favoured  by  Mr.  Ussher.  His  views 
on  this  point  are  particularly  recorded  in  his  Beport  of  the 
recent  Excursion  of  the  Geologists'  Association  (Proc.  Geol.  Assoa, 
vol.  xvii,  p.  126),  where  he  speaks  of  ''  the  entire  absence  of  any 
appearance  of  progressive  metamorphism  in  the  Devonian  rooks 
approaching  the  boundary."  It  would  be  satisfactory,  therefore, 
to  ascertain  who  was  responsible  for  colouring  the  Metamorpbio 
Rocks  in  the  old  Survey  map  as  *'  Altered  Devonian,"  and  how  far 
this  arrangement  was  agreeable  to  De  la  Beche  in  the  face  of  his 
published  statements  to  the  contrary.  There  was,  we  are  well 
aware,  a  period  in  the  history  of  the  Geological  Survey  when  it 
was  the  fashion  to  regard  crystalline  rocks  of  unknown  age  as  the 
altered  representatives  of  formations  recognized  in  the  district.  This 
was  markedly  the  case  when  the  Anglesey  schists  were  regarded 
as  altered  Cambrian.  Since  we  are  unable  to  assign  a  date  to  the 
appearance  of  the  old  Geological  Survey  maps  of  South  Devon  it  is 
not  easy  to  pursue  this  subject  further.^ 

The  two  sheets  of  which  Mr.  Ussher's  memoir  is  explanatory 
were  published  in  1898  from  resurveys  by  the  author;  they  mark 
a  considerable  improvement  on  the  old  Survey  maps.  Thus  the 
line  between  the  Devonians  and  the  Crystalline  Schists  is  for  the 
most  part  clearly  indicated,  and  the  schists  themselves  are  separated 
into  two  distinct  series,  viz.,  the  mica-schists  and  the  green  or 
hornblende-epi dote- schists,  each  series  being  shown  by  a  different 

^  AVo  have  reason  to  believe  that  the  Kinj^sbridffe  area  was  sun'eyed  by  De  la  Beche. 
lib  field  maps  tjhow  two  dij^tinct  divisions  iu  the  mctamorphic  area,  otherwiae  the 
^'uolopcal  boundaricd  are  as  in  the  published  map,  Old  ^ries.  It  should  be  obserred 
that  there  is  nothing  here  to  connect  De  la  Beche  with  the  notion  of  metamorphoeed 
Dev(»uium»,     The  responsibility  for  this  has  yet  to  be  disclosed. 
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coloaration.  An  attempt  has  also  been  made  to  diflferentiate  the 
Devonians  amongst  themselves,  and  the  Director  annouDces  that 
an  approximate  boundary  will  be  shown,  in  a  future  edition,  between- 
the  Dartmouth  Slates  and  the  overlying  Meadfoot  group. 

In  the  introduction  to  the  memoir  Mr.  Ussher  gives  a  table  of 
the  rocks  in  the  district,  which,  as  regards  the  Devonians  and 
Metamorphios,  may  be  abridged  as  follows : — 

DEVONIAN  OR  NORTHERN   AREA. 
Group.  Local  Subdivisions^  etc. 

MiADFooT  AND  LooE  Beds    Tinsey  Head  Slate  Series. 

Beeson  Grits. 

Torcross  type. 

Ringmore  type. 

Daktmouth  Slatbs Glossy,  green,  purple,  etc.,  slates  (constituting 

tne  lowest  Deos) . 

Some  of  the  above  series  contain  a  certain  amount  of  igneous 
rooks,  the  basic  predominating. 

METAMORPHIC  OR   SOUTHERN  AREA. 

Altered  Sedimentart  Series...  Mica-schists,  quartz-schists,  interbedded  mica- 
schists,  and  quartz -schists. 

Altebed  Basic  Rocks    Green    schists  or   hornblende  -  epidote  -  schists 

(presumably  the  higher  series). 

Devonian  or  Northern  Area, 

The  structure  of  these  rocks  is  described  in  the  introduction. 
They  are  subject  to  a  general  east  and  west  strike,  though  affected 
by  frequent  small  plications,  which  tend  to  obscure  the  larger 
curves,  and  thus  local  strikes  are  often  at  variance  with  the  general 
strike.  In  interlaminated  hard  grits  and  shales  the  planes  of 
schistosity  are  generally  bedding  planes;  in  the  argillaceous  rocks 
they  are  mostly  due  to  cleavage  with  which  bedding  accidentally 
coincides ;  gnarling  is  more  especially  noticeable  in  hard  grit-shales 
or  interlaminated  beds :  the  effects  of  gnarling  and  other  structural 
phenomena  are  illnstrated  by  cuts  in  the  text.  The  schistosity  dipR 
of  the  Devonian  rocks  are  mostly  at  high  angles,  ranging  from  60^ 
to  90^.  In  three  traverses  taken  from  the  Metamorphic  boundary 
to  the  margin  of  the  maps  it  may  be  noticed  that  the  dips  are  either 
northerly  or  vertical  in  the  immediate  vicinity  of  the  boundary-line, 
the  reverse  or  southerly  dips  only  occurring  at  some  distance 
therefrom. 

When  we  come  to  the  distribution  of  the  Devonian  rocks  within 
the  area  much  depends  upon  the  interpretation  of  an  obscure  strati- 
graphy, which  has  been  only  too  fruitful  of  divergent  opinion, 
though  we  may  express  a  hope  that  the  true  sequence  has  at  length 
been  revealed  to  Mr.  Ussher.  The  key  of  the  situation  seems  to 
consist  in  an  anticlinal  of  Dartmouth  Slates,  the  lowest  Devonian 
horizon  of  this  district,  which  throws  off  the  equivalents  of  the 
Meadfoot  group  on  the  southern  wing  of  the  anticlinal.  It  is  with 
this  southern  wing  that  we  are  chiefly  concerned,  since  it  comprises 
the  principal  Devonian  series  of  the  district  right  up  to  the  Meta- 
morphic boundary. 
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The  Dartmouth  Slates  within  the  area  are  by  do  means  an 
interesting  formation,  traoes  of  limestone  being  very  rare,  so  that 
there  is  no  reason  to  wonder  at  the  lack  of  fossil  evidence.  Igneous 
rocks  are  "  very  occasionally  "  met  with,  some  of  which  may  be  in 
part  contemporaneous.  The  absence  of  oiganisms  seems  to  be  the 
chief  distinguishing  feature  of  these  basal  rocks,  so  that  where 
traces  of  crinoids,  brachiopods,  or  corals  occur  the  presumption  is 
against  such  strata  belonging  to  the  Dartmouth  Slates. 

The  Mead  foot  group  is  far  more  interesting,  and,  as  its  members 
occupy  the  principal  portion  of  the  Devonian  area  between  the 
suggested  anticline  and  the  Metamorphic  bonudary,  the  entire  series 
may  be  taken  as  the  typical  representative  of  the  Lower  DeTonian 
in  the  Kingsbridge-Salcombe  peninsula.  The  following  are  the 
divisions  adopted,  as  we  have  seen,  by  the  author,  in  ascending 
order,  viz. :  the  Hingmore  Type,  the  Toroross  Type,  the  Beeaon 
Grits,  and  the  Tinsey  ilead  Slate  Series.  Judging  from  the  Director's 
preface,  it  would  appear  that  when  the  new  maps  (sheets  355  and  356) 
were  published  in  1898  Mr.  Ussher  had  not  then  established  the 
fact  that  the  Devonian  rocks  on  the  south  of  the  Dartmouth  Slates 
*"  are  parts  of  the  Meadfoot  series,  and  correspond  to  the  types 
met  with  in  that  series  in  the  Looe,  Plymouth,  and  Long  Sands 
(south  of  Brixbam)  coast  series  "  (p.  56). 

Dealing  briefly  with  the  four  above-named  series  in  ascending 
order,  we  find  that  there  is  a  oonsiderable  amount  of  brown -coloured 
fossiliferous  material  in  beds  of  the  Ringmore  type,  though  actual 
limestone  is  seldom  discernible  in  the  inland  localities.  Crinoidal  lime- 
stone films  and  len tides,  often  red-stained,  are  met  with  in  certain 
localities,  and  well-known  Lower  Devonian  genera  may  be  recognized 
with  more  or  less  certainty  in  these  crushed  calcareous  films,  though 
too  often  flattened  out  beyond  specific  recognition.  On  the  whole, 
these  beds  must  have  originally  included  a  fair  amount  of  organic 
remains,  and  at  Hingmore  itself,  in  about  two  feet  of  glossy  and 
variegated  shales,  were  found  flattened  impressions  resembling 
Spirifera  prtni^pa,  Strepiorhi/nchuB  gigos,  and  Zaphrentis ;  also  the 
eye  of  a  large  trilobite,  possibly  Phacops  latt/rons.  This  seems 
to  be  about  all  that  can  be  done  in  the  way  of  paleontology, 
thougli  doubtless  the  beds  have  been  subjected  to  oarefol  search 
for  fossils. 

The  rocks  of  the  Torcross  type  are  chiefly  remarkable  for 
numerous  thin  bands  of  igneous  rock,  generally  much  decomposed, 
associated  with  the  slates ;  in  some  cases  these  igneous  rocks  may 
be  contemporaneous,  though  their  appearance  on  the  map  is  more 
suggestive  of  dykes,  especially  the  long  one  at  the  Torcross  end. 
Certain  developments  of  grit,  south  of  beds  of  the  Torcross  type,  have 
been  termed  Beeson  Grits,  and  these  are  shown  on  the  map  by 
a  deeper  colour.  Amongst  the  alternative  hypotheses,  presently 
to  be  considered,  is  the  possibility  that  these  Beeson  Grits  constitute 
an  anticline,  so  that  the  Torcross  Slates  on  the  north  are  carried 
over  on  the  south  of  these  grits.  It  is  not  easy  to  perceive  which 
hypothesis  most  commends  itself  to  the  author,  but  en  the  supposition 
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tliat  the  Beeson  GriU  merely  represent  an  outorop,  the  next  series 
OQ  the  south,  viz.  the  Tinsey  Head  Slates,  must  be  regarded  as  the 
%be6t  in  the  local  Devonian  sequence. 

This  last-named  series  is  interesting  from  the  fact  that  its  southern 

iimit  is  well-defined  by  the  *  brown  rocks '  whioh  border  the  hornblende- 

eptdote-schists  (Metamorphio  group),  and  which  limit  is  also  more 

or  less  easily  determinable,  west  of  the  Eingsbridge  estuary,  where 

the  slates  are  in  contact  with  the  mica-schists  of  the  Metamorphio 

group.     It  will  be  remembered  that  a  considerable  portion  of  this 

series  to  the  east  of  the  estuary  was  included,  in  the  old  Survey 

map,  with  the  Metamorphio  rocks.     The  author  now  includes  with 

this  series  the  ''  interlaminated  argillaceous,  calcareous,  and  siliceous 

beds  '*  of  Tinsey  Head,  previously  grouped  by  him  with  the  Beeson 

beds ;  these  contain  seams  of  crinoidal  limestone,  and  even  Zaphrentia 

has  been  found  in  the  Southpool  section.     He  also  remarks  that 

the   absence  of  igneous   rocks   in   these   beds   supplies  a  further 

^argament  against    their   correlation   with    those   of  the   Torcross 

section. 

VVe  may  observe  that  the  so-called  "  Tinsey  Head  slate  series  ** 
derives  its  chief  interest  from  the  fact  of  its  being  that  portion  of 
"the  Devonian  system  which  is  in  contact,  all  along  the  line,  with 
the   Metamorphic   rocks.     In  the  days  when  the  doctrine  of  pro- 
gressive  metamorphism  appeared  to  find  favour,  the  petrography 
of  the  various  members  of  this  series  was  the  subject  of  much  study. 
£ven  now  the  Director  tells  us  (p.  25)  that  the  mechanical  structures 
of  a  much  puckered  rock  from  Tinsey  Uoad  are  precisely  those  seen 
in   the  quartzose  mica-schists.     Doubtless   the    mica-schist   section 
of  the  Metamorphic   rocks  represents   a   series  of  arenaceous  and 
argillaceous  deposits  which  may  be  matched  by  rocks  occurring  in 
the  Devonian  area.     It  would  be  strange  if  it  were  not  so,  when 
individual  fragments  of  each  are  selected  for  comparison.     Since, 
liowever,  Mr.  Ussher  tells  us  that  the  boundary  of  the  Tinsey  Head 
slate  series  is  well-defined,  this  can  only  result  from  an  entire  and 
obvious  contrast  in  the  aggregate  of  the  rocks  on  either  side  the 
boundary.     Doubtless  he  has  done  well  to  oppose  the  application 
of  the  doctrine  of  progressive  metamorphism  iu  this  case,  but  his 
resources   are   not  yet  exhausted,  and  he   has   a   second   string  to 
his  bow,  as  wo  shall  perceive  in  the  sequel. 

Metamorphic  Bocks  or  Southern  Area, 

The  rocks  of  this  area,  he  says,  present  two  well-marked  strati- 
graphical  groups — the  green  schists  and  the  mica-schists.  Of  these 
two  groups  the  green  schists  are  believed  to  be  the  uppermost. 
**The  mica-schists  undoubtedly  represent  a  series  of  sediments  of 
the  same  general  nature  as  those  found  in  the  Devonian  area ;  and 
the  green  schists  may  unhesitatingly  be  regarded  as  an  altered 
series  of  basic  igneous  rocks  allied  to  the  diabases  in  composition, 
and  possibly  consisting  in  part  of  altered  tuffs."  In  assigning 
a  different  colour  to  each  of  these  groups  Mr.  Ussher  has  effected 
a  great  improvement  on  the  old  Survey  map,  though  we  are  informed 
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that  the  field-maps  of  De  la  Beohe  also  showed  two  divisions  ia 
the  Metamorphic  area.  Owing  to  the  intense  folding  there  is  a  oon- 
siderable  amonnt  of  interplication,  a  feature  well  illastrated  by 
cuts  in  the  text.  The  cliff  between  the  Outer  and  Inner  Hope,  east 
of  Bolt  Tail,  shown  as  a  section  in  the  frontispiece  to  this  memoir, 
serves  to  illustrate  the  relation  of  the  mica-schists  to  the  hornblende- 
epidote-schists  in  that  particular  area.  The  alternations  of  red  and 
green  in  the  latter  series  of  schists  would  be  very  effective  on 
a  coloured  plate. 

East  of  the  Salcombe  estuary  the  green  schists  form  the  northern 
and  southern  fringes  of  the  Metamorphic  area,  with  a  considerable 
tract  of  mica-schist  country  between  them ;  whilst,  west  of  the- 
estuary,  the  green  schists  are  in  the  middle  and  the  mioa-sohists 
form  the  outsides.  The  general  strike  of  the  green  schist  cone, 
where  the  two  bands  coalesce  to  form  one,  would  seem  to  be 
approximately  north-west  and  south-east.  This  direction  is  obliqoe 
to  the  general  strike  of  the  Devonians  on  the  north,  and,  taken  in 
conjunction  with  the  fact  that  the  eastern  half  of  the  Metamorphic 
boundary  consists  of  green  schists  and  the  western  half  of  mioa- 
schists,  seems  to  point  to  a  considerable  difference  of  orientation 
in  the  two  systems.  Yet  the  author  fails  to  trace  any  evidence  of 
pre-Devonian  disturbance. 

A  detailed  description  of  the  structure  and  petrology  of  the 
mioa-sohists  and  green  schists  follows,  and  the  features  of  possible 
resemblance  to  their  presumed  analogues  in  the  Devonian  rooks  are 
carefully  pointed  out.  With  reference  to  the  mica-schist  series, 
he  observes  that  in  parts  of  the  district  it  would  be  diffioalt  to 
distinguish  the  least  altered  examples  of  mica-schists,  finely  inter- 
laminated  quartz-mica-sohists,  and  quartz-schists  from  examples  of 
the  corresponding  Devonian  sediments.  Professor  Bonney,  he  says, 
has  drawn  attention  to  this  fact,  and  ascribes  it  to  the  deformation  of 
true  schistose  character  in  the  former  case  and  to  the  simulation  of 
schistose  character  in  the  latter.  There  are  many  valuable  petro- 
logioal  notes  by  Mr.  Teall  relating  both  to  the  mica-schist  and  green 
schist  series. 

Lastly,  the  author  concludes  that  the  only  volcanic  development 
in  the  Devonian  area  comparable  to  the  green  schists  is  furnished  by 
the  Ashprington  series.  ''The  correlation  between  these  groups^ 
should  the  Devonian  age  of  the  Metamorphic  rocks  be  established, 
is,  however,  less  probable  tlian  the  connection  of  the  green  schists 
with  the  igneous  rocks  of  Stoke  Fleming  or  with  those  in  the 
Torcross  group"  (p.  50).  As  regards  the  latter  suggestion,  we  may 
observe  that  it  accords  but  doubtfully  with  the  feeble  and  scattered 
development  of  igneous  rocks  in  a  group  of  slates  such  as  that  of 
Torcross,  and  seems,  moreover,  in  direct  contradiction  to  the  strati- 
graphy as  shown  in  the  diagram  on  p.  62.  The  advocates  of  the 
metamorphism  of  the  Devonian  beds  had  better  stick  to  the  Ash- 
prington volcanic  series,  the  chief  difficulty,  of  course,  being  to 
transport  it  within  the  Metamorphic  area. 
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Nature  of  the  Boundary  between  the  Northern  and  Southern  Areas, 

This  is  perhaps  the  most  interestiDg  chapter  in  Mr.  Ussher's 
memoir.  *'0n  the  whole,"  he  says,  *'the  boundary  of  the  Meta- 
morphie area  can  be  located  with  tolerable  certainty  owing  to  the 
oomparatively  unaltered  condition  of  the  slates  and  shales  on  the 
north  side.  The  rapid  change  from  one  group  to  the  other  iir 
equally  evident  where  the  green  schist  series  is  in  contact  with  the 
slates,  and  between  Malborough  and  Hope,  where  the  mica-sohista 
are  in  contact  with  them."  This  is  a  terrible  blow  to  the  old  notion 
of  progressive  metamorphism,  and  is  all  the  more  severe  because  it 
includes  in  the  Devonian  or  northern  area  rocks  which  were  mapped 
as  Metamorphie  in  the  old  Survey  sheets.  Professor  Bonney  and 
Miss  Baisin  have  done  good  service  here,  and  although  Mr.  Somervail 
was  able  to  effect  a  slight  correction  in  the  latter  author's  map,  it 
only  served  to  shift  the  boundary-line  somewhat  to  the  northwards. 

When  we  come  to  the  consideration  of  local  details,  it  must  be 
admitted  that  there  is  a  certain  degree  of  obscurity  as  to  the  actual 
position  and  character  of  the  boundary  on  the  east  coast  (Green« 
straigbt).  This  has  struck  more  than  one  observer.  Mr.  Ussher 
says  that  "  there  is  no  break  in  this  section,  which  could  be  taken  as 
a  fault  boundary,  or  satisfactory  junction  between  altered  and  un- 
altered rocks."  This  seeming  obscurity  on  the  east  coast,  which  is 
usually  the  first  point  visited,  may  in  part  account  for  the  contro- 
versial character  of  the  entire  subject  as  to  the  relations  of  the 
Devonians  to  the  Metamorphics. 

There  seems  to  be  better  evidence  further  inland,  for  at  Kellaton, 
he  says,  unaltered  grey  slates  of  the  Devonian  group  become 
gradually  intercalated  with  '^  yellowish-brown  beds  and  harder 
rotten  brown  stony  bands,  giving  place  to  soft  peroxidated  and 
yellow-brown  materials  with  seams  of  soft  reddish  and  dark-grey 
shale  or  schist  with  highly  micaceous  surfaces  and  whitish  inter- 
filming.  The  section  appears  to  be  a  more  or  less  rapid  passage 
from  unaltered  sedimentary  to  decomposed  volcanic  material,  which 
cannot  be  separated  from  the  green  schists."  Since  these  *  brown 
beds '  appear  in  the  junction  sections  to  be  more  or  less  connected 
with  the  green  schists,  it  is  only  natural  to  suppose  that  they  con- 
stitute a  sort  of  decomposed  and  peroxidized  selvage  of  those  rocks, 
into  which  most  probably  portions  of  the  Devonian  slates  may  have 
been  forced  by  pressure.  They  are  in  no  sense  passage  beds,  but 
simply  portions  of  the  green  schists  in  a  state  of  decay  owing  to 
their  peculiar  position.  Mr.  Ussher  had  previously  stated  (Proc. 
Oeol.  Assoc.,  vol.  xvii,  p.  123)  **  that  the  junction  between  the 
Devonian  and  altered  rocks  is  almost  invariably  marked  by  the 
presence  of  rusty-brown  decomposed  rocks,  generally  containing 
hard  carbonates.  These  rocks  often  intervene  for  a  distance  of 
several  chains.  The  contrast  between  the  comparatively  unaltered 
Devonian  slates  and  the  highly  altered  rooks,  on  either  side  of  this 
neutral   zone,   is    everywhere    strongly  marked ;     nor   were  any 

DECADE  V, — VOL.  II. — NO.  I.  3 


34  Beviem — Qeological  Smrvej^ — 

eyidences  of  progressive  metamorphism  detected  in  the  DeTonian 
rocks  approaobing  the  boundary."     (See  antea,  p.  31.) 

It  is  a  fortudate  circumstance  that  the  nnmerons  creeks  in  con- 
nection with  the  Eingsbridge  estuary  afford  sections  of  the  boundary- 
line,  which  are  in  some  respects  better  than  those  on  either  coast 
This  remark  especially  applies  to  the  Southpool  Creek  jonotidB- 
section  (west  bank),  described  and  illustrated  on  pp.  54  and  55. 
The  beds  representing  the  Devonian  portion  of  the  junction  rodks  at 
this  place  consist  of  grey  slates  with  brown  ferruginous  films  and 
a  local  abundance  of  quartz  veins.  These  beds  are  intersected  by 
several  small  faults,  whilst  the  sohistosity  dips  are  mostly  northerly 
at  angles  from  50^  to  70^ :  they  can  be  correlated  with  the  slaty 
series  south  of  Tinsey  Head  (east  coast)  and  between  Beacon  Point 
and  Mouth  well  (west  coast).  The  beds  above  described  are  separated 
by  a  thrust  with  a  northerly  inclination  *'  from  yellowish-brown  and 
reddish-brown  decomposed  shales  with  tough  masses,  revealing  hard 
whitish  carbonate,  and  definite  beds  of  chocolate-brown  rock  " ;  but 
the  spot  where  the  brown  rocks  are  in  normal  contact  with  the  green 
schists,  which  succeed  on  the  south,  is  unfortunately  obscured. 

If  we  are  right  in  supposing  that  the  '  brown  rocks '  are,  in  the 
main,  the  decomposed  selvage  of  the  green  schists,  and  if  the  author's 
section  (fig.  23)  and  descriptions  are  to  be  relied  on,  we  have  here 
an  admirable  illustration  of  what  may  prove  to  be  the  true  strati- 
graphical  relations  between  the  Metamorphic  mass  of  the  southern 
area  and  the  Devonian  rooks  of  the  northern  area,  viz.,  the  impinging 
of  two  entirely  different  rock  systems  upon  each  other.  For  such 
a  line  of  contact  the  term  '  fault '  is  scarcely  adequate,  since,  owing 
to  the  crush  and  admixture  of  opposing  materials,  there  has  been 
established  a  kind  of  border  medley  to  which  the  author  has  in 
some  cases  applied  the  term  'intermediate  series.'  Although  this 
intermediate  series,  as  we  might  expect,  varies  in  character  at 
different  points,  yet  so  far  as  the  'brown  rocks'  are  concerned 
we  must  allow  that  the  Metamorphic  area  has  contributed  the 
greater  part  of  them.  This  supposition  is,  furthermore,  confirmed 
by  the  facts  observed  in  connection  with  the  Eingsbridge  estuary 
junction-section  (east  side). 

We  now  come  to  an  important  change  in  the  character  of  the 
boundary-line  on  the  south  side,  viz.,  the  substitution  of  the  mica- 
schist  series  for  the  homblende-epidote  or  green  schist  series.  West 
of  the  Eingsbridge  estuary  the  northern  band  of  green  schists  is 
split  up  into  two  groups,  and  the  northern  group  is  continned  in 
a  westerly  direction  as  an  irregularly  interplicated  series  of  mioa- 
schist  and  green  schist  until  the  former  wholly  prevails  as  the 
boundary  rock.  It  is  significant  to  note  that  henceforth,  until  the 
Hope  section  is  reached,  no  further  signs  of  either  green  rooks  or 
decomposed  brown  rocks  are  encountered.  Very  little  is  said  in 
the  memoir  about  the  junction  phenomena  along  the  mica-schist 
boundary.  In  one  place  the  junction  schists  are  said  to  be  soft, 
yellow  and  red  in  part,  and  very  micaceous.  A  specimen,  according 
to  Mr.  Teall,  is  almost  entirely  composed  of  muscovite,  with  large 


I%e  Devonian  Metamorphie  Bocks.  35 

cpaqne  grains,  apparently  pseadomorpbs  after  pyrite,  and  tonrmaline 
as  an  accessory  (p.  68).  Farther  on  the  surface  stones  afford 
^Tidence  of  partially  perozidized  mica-schists  and  quartz-schists. 

The  author  considers  the  Hope  junction-section  to  be  the  most 

<x)mplete  in  the  area,  and  the  beach  reefs  supply  the  evidence  which 

wonid  otherwise  be  lacking  in  the  intervals  between  the  cliff  sections. 

Tet,  for  all  this,  the  actual  line  of  junction  seems   doubtful,  and 

we  are  left  very  much  in  the  dark  after  studying  the  diagram  (fig.  25), 

where  the  author  might  easily  have  given  us  his  view  as  to  the 

aetoal  position   of  the  boundary.     He  states  in  the  text  (p.  62) 

that  the  Hope  section  exhibits  the  east  coast  and  Eingsbridge 

«itaary  *  brown  rooks '  in  plicated  conjunction  with  rocks  ascribed 

to  the  Devonian  slates  on  the  north  side  of  Hope  Headland  and 

with  mica-scliists  on  the  south  side  of  it.     The  crux  appears  to  be 

in  Hope  Headland  itself,  and  the  line  of  junction  is  most  likely 

to  occur  in  that  oliff  rather  than  at  the  commencement  of  Mouth  well 

beach,  as  shown  in  the  old  Geological  Survey  map  and  also  in  the 

new  one.     Undoubtedly  the  presence  of  '  brown   rocks '  in   this 

area  without  a  corresponding  development  of  the  green   schists 

constitutes  a  difficulty  which  requires  to  be  explained. 

Mr.  Ussher  admits  that  the  line  taken  as  a  junction  does  not 
correspond  to  an  abnipt  change  in  the  character  of  the  metamorphism, 
bat  owing  to  the  occurrence  of  the  *  brown  rocks*  north  of  Hope 
Headland,  as  well  as  in  the  Headland  itself,  he  is  content  to  place 
the  junction  in  the  position  assigned  to  it  in  the  old  Geological 
Survey  map.  Professor  Bonney  and  Miss  Raisin  place  the  line 
further  south,  the  former  distinguishing  the  rooks  immediately 
south  of  Hope  Headland  as  "  true  schists "  from  those  on  the 
north  side  as  **  never  more  than  schistose."  Thus  it  would  appear, 
notwithstanding  Mr.  Ussher's  statement  that  the  Hope  junction- 
section  is  the  most  complete  in  the  area,  there  seems  yet  to  be  an 
element  of  doubt  as  to  where  the  boundary-line  should  be  drawn,  if 
indeed  it  is  possible  to  draw  an  exact  line  under  such  conditions  as 
are  presented  by  the  juxtaposition  of  two  opposing  rock  systems. 

Conclusion, 

The  above  details  with  regard  to  the  boundary  between  the 
Devonian  and  Metamorphie  rocks  are  undoubtedly  difficult  to  follow 
by  those  who  possess  little  or  no  acquaintance  with  the  localities, 
though  possibly  a  general  idea  of  this  peculiar  apposition  of  the  two 
series  may  be  obtained.  In  the  new  map  the  boundary-line  is 
drawn  with  precision,  but  no  fault  is  indicated,  and  everyone  is  at 
liberty  to  draw  his  own  conclusions  as  to  the  true  nature  of  the 
junction.  Jt  is  perfectly  clear  that  an  immense  change  is  accom- 
plished within  a  short  distance  on  either  side  of  the  boundary,  the 
intervening  space  for  the  length  of  a  few  chains  being  occupied 
by  rocks  which  sometimes  partake  of  one  character  and  sometimes 
of  the  other.  These  conditions  fully  justify  the  Director,  in  his 
preface,  in  stating  that  "  a  striking  feature  of  the  area  in  quealxow. 
is   the  contrast  between   the  intensely  folded   but   compataVV'VftX'j 
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unaltered  Devonian  rocks  on  the  north  and  the  Metamorphic  rocks 
on  the  south." 

The  question  then  naturally  arises:  what  are  the  true  relations 
of  these  two  different  systems  to  each  other?  It  is  admitted  that 
Mr.  Ussher  has  not  been  able  to  settle  the  question  of  the  age  of 
the  Metamorphic  rocks  by  stratigraphical  evidence,  yet  we  are  fully 
prepared  to  agree  with  the  Director  that  **  his  detailed  mapping  of 
the  green  schists  and  his  careful  description  of  the  line  which 
separates  the  altered  from  the  unaltered  rocks  will  be  found  of 
value  to  all  future  workers  in  the  district."  This  is  perhaps  as 
much  as  we  can  expect  from  an  official  memoir  in  explanation  of 
sheets,  which  are  a  great  improvement  on  the  old  Oeological  Survey 
map,  where  an  unproved  hypothesis  was  allowed  to  take  the  place 
of  a  simple  record  of  facts. 

It  may  be  that  the  theory  of  metamorphosed  Devonians  is  not 
altogether  forgotten,  for  we  find  Mr.  Teall  observing  (p.  45)  ''  that 
whatever  the  age  of  the  rocks  in  the  Metamorphic  area  may  be,  it 
is  practically  certain  that  they  represent  a  series  of  arenaceous  and 
argillaceous  deposits  with  which  a  considerable  amount  of  basic 
igneous  material  was  associated,  and  that,  so  far  as  original  com- 
position is  concerned,  they  can  be  matched  by  rocks  occurring  in  the 
Devonian  area,  though  the  igneous  and  sedimentary  types  do  not 
occur  in  the  same  relative  proportions."  The  petrographer  thus 
invites  the  stratigraphist  to  perform  a  feat  of  legerdemain  whereby 
certain  Devonian  rocks,  such  as  the  Ashprington  volcanic  series, 
might  by  some  hjrpothetical  anticlinal  arrangement  be  transported 
into  the  requisite  position.  Since  the  application  of  the  doctrine  of 
progressive  raetamorphism  finds  no  favour  with  Mr.  Ussher,  there  is 
nothing  left  for  the  advocates  of  the  metamorphism  of  Devonian 
rocks  but  some  such  explanation  as  is  suggested,  rather  than 
put  forward,  in  the  diagram  on  p.  62.  Here  the  distant  Middle 
Devonian,  with  its  volcanics,  seems  prepared  to  jump  over  the 
whole  of  the  intermediate  Lower  Devonian  and  reappear  in  the 
extreme  south  as  the  schistose  series  of  the  Salcombe  peninsula. 
It  is  uncertain,  however,  on  which  horse  the  author  is  prepared  to 
win,  for  we  remember  that  he  has  shown  a  preference  (p.  60)  for 
the  Torcross  group  with  its  attenuated  igneous  bands.  True,  this  is 
a  much  shorter  leap,  but  the  horse  is  only  a  poor  one  when  he 
is  landed  on  the  other  side  of  the  ditch. 

In  bidding  farewell  to  this  subject  we  must  express  a  hope  that 
more  sober  views  will  ultimately  prevail ;  and  the  desperate  shifts 
to  which  the  advocates  of  metamorphosed  Devonians  are  now 
reduced  seem  to  indicate  that  the  period  is  not  far  distant  when 
mere  hypothesis  must  give  way  to  a  more  reasonable  and  probable 
interpretation  of  the  facts  recorded  in  this  memoir.  We  rejoice  to 
see  that  even  among  the  local  geologists  Mr.  Harford  Lowe 
(Trans.  Devon  Assoc.,  vol.  zxiii,  p.  523)  has  taken  an  essentially 
reasonable  view  of  the  relation  of  the  South  Devon  schists  to  the 
Devonian  slates,  and  some  of  his  suggestions  in  that  connection 
are  well  worthy  the  consideration  of  professional  geologists.    The 
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^xtraordiDary  craxnpling  of  the  Devonians  of  the  northern  area, 
tod  the  flattening  of  their  foBail  beds,  such  as  they  were,  into  mere 
films,  are  best  explained  on  the  presumption  of  a  pressure  of  unusual 
intensity,  such  as  might  result  from  a  squeeze  between  two  rook 
masses  of  independent  origin,  viz.,  Dartmoor  on  the  north  and  the 
Hetamorphio  schists  on  the  south.  It  cannot  be  denied  that  this 
interpretation  accords  best  with  the  stratigraphy  of  the  region  and 
the  general  structure  of  the  Damnonian  peninsula ;  possibly  also, 
in  the  main,  with  the  petrology  of  the  rooks  of  both  the  northern 
and  southern  areas. 

II.— Cbbtaobous  Ckphalopoda   from  thb  Hokkaid5.     Pabt  II : 

TcrSSJLITES,     HeLICOCERAS,    METEROCERASy     NlPPOHITES,      OlOO- 
STEPHANUS,   BeSMOCERAS,    HAUERICERASt   AND    AN    UNDBTBBMINBD 

Gbnus.     By  HiSAKATSU  Yabb,  University  Hall,  Imperial  Uni- 
versity of  Tokyo.     Journal  of  the  College  of  Science,  Imperial 
University,  T5ky5,  Japan,  vol.  zz,  art.  2,  pp.  45  ;  6  plates.    1904 
(published  Oct.  15,  1904). 
fPHE  first  part  of  this  work  (noticed  in  the  Geological  Magazinb, 
i      September,  1 903)  contained  a  description  of  those  Ammonites 
which  are  included  in  the  genus  Lytoceras,  s.str.,  and  the  genera, 
or  subgenera,  Pseudophyllites,  Gaudryceras,  and  Tetragonites, 

In  this  second  part  the  following  genera  are  described :  (1)  Turri- 
Hies,  Selicoceras,  Heteroceras,  and  Nippomtes  ;  (2)  Olcostephanus ; 
(3)  Desmoceras  and  Hnuericera».  **  The  order  in  which  the  different 
groups  are  here  treated  is  not  due,"  says  the  author,  "  to  the  presence 
of  any  mutual  relations  existing  among  them,  but  merely  for  the 
sake  of  convenience  and  of  avoiding  too  long  a  delay  in  the  pub- 
lication of  the  paper." 

Dr.  Yabe  has  endeavoured  to  make  his  work  on  these  Cretaceous 
Ammonites  from  the  Hokkaidd  as  complete  as  possible ;  he  has 
studied  not  only  their  morphology,  but  the  development  of  several 
of  their  predominating  types,  "  for,"  says  he,  **  it  has  now  become 
clear  that  a  mere  morphological  study  of  adult  specimens  is  not 
sufficient  for  the  establishment  of  their  real  affinities,  and  that  by 
the  study  of  their  development  only  can  such  knowledge  [be] 
attained." 

Everyone  who  is  acquainted  with  the  Cretaceous  Cephalopoda  will 
agree  with  Dr.  Yabe  that  in  their  study  *'  one  of  the  most  difficult 
tasks  is  to  define  the  exact  limits  of  the  different  genera  established 
on  the  turieted  forms  of  Ammonites."  D'Orbigny  included  these 
forms  under  one  of  the  three  genera  Turrilites,  HelicoceraSt  and 
MeteroceraSf  recognising  in  the  first-named  genus  two  distinct 
groups,  T,  rotundati  and  T,  angulati.  Subsequently  Sharpe  and 
Stoliczka  referred  the  first  of  these  groups  to  the  genus  Helicocerns, 
reserving  the  name  Turrilites  for  the  group  T.  angulatL  After 
giving  the  various  classifications  that  have  been  suggested  for  these 
turreted  forms,  concluding  with  that  proposed  by  Professor  Hyatt 
in  1900  in  Eastman's  translation  of  Zittel's  Text  Book  of  Palason- 
tology,   the    author   says : — "  Hyatt's   classification    by    creation   of 
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mftny  new  genera  may  possibly  be  an  improvement  on  the  ptevionsly 
existing  ones,  bat  it  oannot  be  followed  here,  for  the  generio 
diagnoses  and  discassions  on  tbe  taxonomy  are  not  yet  published. 
Therefore,  the  present  writer  is  obliged  to  follow  the  old  and  well- 
known  classification  of  D'Orbigny  as  modified  by  Sharpe  and 
Stoliczka,  though  it  is  apparently  annataral." 

The  turreted  forms  are  comparatively  rare  in  the  Hokkaido  Cre- 
taceous rocks.  Only  two  forms  of  TwriliteB  are  recorded:  one 
represented  by  a  single  small  example  resembling  T.  ManUUi  and 
^specisJly  T.  Bergeri,  although  specifically  distinct  from  either ;  the 
other,  also  represented  by  only  a  single  example,  belonging  to 
a  much  larger  species,  described  as  new,  somewhat  resembling,  but 
less  elongated  than,  T.  tuberculatus.  Two  new  forms  of  Melieoeeroi 
are  described,  one  of  which  is  doubtfully  referred  to  this  genus, 
whilst  four  new  species  and  a  new  variety  are  doubtfully  referred  to 
the  genus  Meteroeeras. 

But  of  all  the  turreted  forms  described  by  the  anther  the  most 
remarkable  is  certainly  the  specimen  for  which  the  new  genus 
Nipponites  is  proposed.  Its  shape  is  thus  described  :  '*  At  first  the 
shell  forms  a  more  or  less  flat  spiral  coil  wound  sinistrally  as  in 

Helicoceras The  further  growth  is  no  longer  spiral. 

but  it  consists  in  turning  to  the  right  and  then  to  the  left  seTeral 
times  and  thus  forming  many  U-shaped  curves  which  cover  the  first 
part  of  the  shell  from  six  directions,  so  that  the  plane  of  the  curves 
roughly  corresponds  to  the  six  sides  of  a  cube."  Notwithstanding 
the  fact  that  the  present  species  is  represented  only  by  a  single 
specimen.  Dr.  Yabe  concludes  that  "  the  mode  of  coiling  the  whorls 
can  neither  be  accidental  nor  due  to  a  loss  of  power  to  produce  the 
regularly  wound  shell,  aR  it  is  too  regular  to  admit  any  such 
supposition.  That  it  is  a  Turrilites  or  some  allied  genus  which  has 
modified  its  mode  of  growth  on  account  of  its  advanced  age  is  also 
inconceivable.  Therefore,  this  formation  of  several  U-shaped  curves 
must  be  ascribed  to  the  inherent  power  of  the  animal."  It  is  for 
these  reasons  that  Dr.  Yabe  has  considered  this  single  specimen  to 
be  worthy  of  a  new  generic  name.  From  the  form  of  the  shell  the 
author  concludes  that ''  the  animal  led  neither  a  free  swimming  life 
nor  a  sessile  one,  but  was  a  creeper  on  the  sea-bottom,  as  is  the 
generally  accepted  view  of  TurrilUes,** 

An  interesting  Ammonite,  which  is  too  imperfect  for  its  proper 
generic  determination,  possesses  characters  which  ally  it  with  the 
Indian  species  Olcostephanus  stiperstes  and  Ammonitea  ritdra,  two 
species  that  are  provisionally  placed  in  Olcoatephanna  by  Dr.  Kossmat, 
who  recognises,  however,  their  phyletical  relations  to  Vascocerae  on 
the  one  hand  and  to  Acanthoceras  on  the  other. 

A  new  species  of  Olcostephanus  is  described,  having  its  nearest  ally 
in  a  form  described  by  Dr.  Whiteaves  from  the  Cretaceous  of  the 
Queen  Charlotte  Islands,  whilst  to  Hauericeras,  in  addition  to  the 
genotype,  H,  Oardeni,  that  has  been  recognised  in  Natal,  in  Southern 
India,  in  Vancouver  Island,  in  the  Hokkaido,  and  possibly  also  m 
Tunis  and  in  Galicia,  the  author  refers  a  new  species,  which  ia 
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domlj  allied  to  a  species  from  the  Cretaoeoos  of  Franoe.  jDe9mocenu 
M  represented  by  two  forms,  one  of  which  is  considered  to  be  a  new 
variety  of  the  species  D.  Dawsoni  which  Dr.  Whiteaves  described 
bom  the  Qaeen  Charlotte  Islands,  whilst  the  other  is  regarded  as  new. 
All  the  species  are  well  illustrated  on  the  six  plates  accompanying 
the  work. 

We  most  heartily  congratnlate  the  anther  upon  this  further  most 
interesting  contribution  to  our  knowledge  of  the  Cretaceous  Cephalo- 
poda from  the  Hokkaido.  Q.  C.  C. 


nL — Second  Bkport  of  the  Geolooioal  Subyey  of  Natal  and 
ZuLULAND.  By  William  Andebson,  F.R.S.E.,  F.O.S.,  Govern- 
ment G^logist.  4to ;  pp.  171,  with  11  plates  and  maps.  (London, 
1904 :  West,  Newman  &  Co.,  54,  Hatton  Gardeti.) 

THE  Beport  contains  an  account  of  the  Survey  operations  for  the 
years  1901-2,  with  two  valuable  and  important  contributions 
to  the  PalsBontology  of  East  Africa,  one  by  Mr.  Robert  Etheridge, 
of  Sydney,  and  the  other  by  Mr.  A.  C.  Seward,  F.B.S.,  of  Cambridge. 
It  should  be  mentioned  that  Mr.  W.  Anderson  is  still  the  only 
member  of  the  Survey  Staff,  and  that  its  offices  are  limited  to  two 
small  rooms  in  Pietermaritzburg,  altogether  inadequate  for  the  proper 
storage  of  the  rock  specimens  and  fossils;  and  but  for  the  fact 
that  various  collections  were  promptly  sent  for  identification  to 
palaBontologists  in  different  parts  of  the  world,  their  accumulation 
would  have  made  the  offices  practically  inaccessible !  On  the  other 
hand,  the  Natal  Government  do  not  seem  to  have  stinted  the 
expenditure  for  the  publishing  of  the  Report,  which,  as  regards 
paper,  print,  plates  of  fossils,  and  coloured  maps,  has  been  brought 
out  very  satisfactorily,  and  might  be  commended  for  imitation  to 
Surveys  nearer  home. 

Mr.  Anderson's  field-work  has  been  devoted  mainly  to  a  rough 
survey  of  the  province  of  Zululand  ;  in  part  to  the  coastal  areas 
on  the  east,  and  in  part  to  the  north-western  border,  where  he  has 
been  able  to  connect  his  work  with  that  of  Dr.  Molengraaff  in  the 
Vryheid  district.  The  whole  littoral  area  of  Zululand,  in  places 
50  miles  in  width,  is  uniformly  flat  or  slightly  undulating,  some 
areas  swampy,  others  sandy,  and  largely  covered  with  dense  wood 
or  scrub.  The  rivers  by  which  it  is  traversed  cut  deep  into  the 
subsoils,  but  do  not  expose  the  rocks  beneath  as  a  rule.  With 
the  exception  of  calcareous  sandstones  and  conglomerates  in  two 
or  three  small  areas,  the  rocks  shown  on  the  coast  are  shales,  marls, 
calcareous  beds,  and  lignites,  with  soft  sandy  deposits  of  all  colours. 
These  are  considered  to  be  of  Cretaceous  age ;  the  only  indications 
of  Tertiary  rocks  were  some  calcareo-arenaceous  pebbles  found  on 
the  coast,  which  contained  fragmentary  Lithoihamnion  and  numerous 
Foraminifera,  and  an  impure  Diatomaceous  deposit,  near  Lake 
Sibayi,  which  may  be  of  Pleistocene  age. 

Mr.  Anderson  has  also  examined  the  Ecca  series  in  the  basin 
of   the    Black   Umfolosi,    near    the    north  -  western    boundary   of 
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Zululand,  where  the  whole  series,  from  the' glacial  (Dwyka)  ooli- 
glomerate  upwards,  is  well  developed.  Here,  as  elsewhere  in  the 
oouDtiy,  the  plant  and  coal-hearing  heds  occur  in  the  higher  part 
of  the  series,  and  many  of  the  shale  heds  contain  abundant  remains  of 
Glo88opteri8  and  Phyllotheea.  With  the  ezoeption  of  the  coal-bearing 
series  at  the  base  of  the  Drakensberg,  containing  Thinnfddia  and 
FterophyUum,  belonging  to  the  Stormberg  series,  and  approximately 
of  Triassio  age,  Mr.  Anderson  states  that  all  the  coal-bearing  rocks 
of  Natal  and  Zululand  contain  a  Oloaeopieria  flora  and  are  of  Ecca 
or  Permo-Carboniferous  age. 

The  Dwyka,  or,  as  Mr.  Anderson  prefers  to  term  it,  Ecca  Oon- 
glomerate,  is  widely  distributed  in  Zululand,  and  occurs  at  all 
heights  from  the  sea-level  to  the  highest  portion  of  the  plateau ; 
detached  outliers  of  it  are  often  present  on  the  higher  ridgea  and 
mountains.  In  a  few  localities,  sandy  beds,  free  from  pebbles  and 
boulders,  are  interocJated  between  the  typical  conglomerates.  Striated 
rock-pavements  also  occur ;  the  author  mentions  a  fine  example  in 
the  bed  of  the  Umfolosi  river,  where  a  striated  quartzite  pavement, 
directly  overlain  by  the  glacial  conglomerate,  is  partially  denuded 
by  the  river.  The  author  feels  no  doubt  that  this  ancient  con- 
glomerate is  a  till  or  boulder-clay  of  terrestrial  origin. 

The  Cretaceous  fossils  described  by  Mr.  Etheridge  are  from 
a  shelly  limestone  at  Umkwelane  Hill,  a  few  miles  inland  from  the 
coast.  The  rock  is  crammed  with  fossils,  which,  however,  invariably 
break  up  in  the  attempt  to  free  them  from  the  hard  matrix.  The 
fossils  are  largely  Pelecypods  and  Gasteropods,  with  a  few 
Cephalopods  belonging  to  Placenticeras,  Creniceras,  Hamitea,  and 
BacnliteSy  and  some  fragmentary  shark's  teeth. 

In  all  37  species  of  mollusca,  belonging  to  almost  as  many  genera, 
have  been  determined,  and  their  affinities  carefully  worked  out  by 
Mr.  Etheridge,  and  they  are  admirably  figured  on  three  plates. 
Several  species  show  relationships  to  forms  from  the  Trichinopoly 
groups  of  India,  the  Chico  and  Tejon  groups  of  California,  the  Fort 
Pierre  and  Foxhills  groups  of  the  north-west  of  the  United  States, 
and  the  Greensands  of  New  Jersey ;  but  no  resemblance  to  those 
forming  the  Australian  Cretaceous  fauna. 

Mr.  A.  C.  Seward's  report  on  oollections  of  Natal  fossil  plants 
treats  first  on  those  from  the  Ecca  coal-series  of  Umhlali,  on  the 
north-east  coast  of  Natal.  In  these  beds  **  Glossopteris  Broumiana  is 
exceedingly  abundant;  Noeggerathiopsis  is  possibly  represented, 
and  stems  doubtfully  placed  in  the  genus  Schizoneura  are  fairly 
plentiful.  No  undoubted  Oangamopteris  has  been  recognized.  On 
the  whole  the  evidence  would  appear  to  support  the  view  that  the 
plant-beds  are  approximately  homotaxial  with  the  Damuda  beds 
of  India,  and  belong  to  the  Beaufort  Series  of  South  Africa."  The 
plants  from  the  Drakensberg  Range  in  West  Natal  comprise  species 
of  Thinnfeldia  and  PterophyUum,  together  with  a  species  of  doubtful 
affinity,  and  of  these  Mr.  Seward  says  that  they  point  to  an  horizon 
considerably  above  that  of  the  Umhlali  plant-beds,  and  approximately 
Hha^tic  or  Lower  Jurassic. 
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This  second  Report  of  the  Natal  G^eological  Survey  is  a  valuable 
addition  to  oar  knowledge  of  Soatb  African  geology,  and  it  furnishes 
a  strong  argument  in  favour  of  Mr.  Anderson's  appeal  to  the  Natal 
aQthoritieB  for  further  assistance  to  enable  him  to  continue  his 
ardaoQB  undertaking. 


17.— MoLLUSQUis  TEBTiAiREs  DU  PORTUGAL.  Planchcs  dc  O^phalo- 
podes,  Gasteropodes,  et  Pel6cypodes  laissees  par  F.  A.  Pkbbiba 
DA  GoBTA ;  aocompagnees  d*une  Explication  sommaire  et  d'une 
EsquiBse  geologique  par  O.  F.  Dollfds,  J.  C.  Berkelit  Cottkb, 
et  J.  P.  Gomes.  Commission  du  Service  geologique  du  Portugal. 
4to;  pp.  120, 1  tab.  stratigr.,  1  portrait,  and  28  pis.  (Lisbonne, 
1903-1904.) 

WHEN  the  Geological  Commission  of  Portugal  was  instituted  in 
1857  to  investigate  the  geology  and  to  produce  a  geological 
map  of  the  country  two  Directors  were  appointed,  one  for  the 
geological  work  and  the  other  for  the  pal  seen  tological  studies  and 
the  care  of  the  collections.  To  the  latter  post  F.  A.  Pereira  da 
Oosta,  then  Professor  of  Mineralogy  and  Geology  at  the  Polytechnic 
School  of  Lisbon,  was  appointed.  In  the  following  year  all  the 
collections  of  natural  products  from  the  Museum  of  the  Academy 
were  combined  with  those  belonging  to  the  Polytechnic  School 
and  constituted  the  National  Museum  of  Lisbon ;  this  w£is  divided 
into  two  sections,  mineralogy  and  zoology,  and  Pereira  da  Costa 
was  made  Director  of  the  former  department. 

His  appointment  on  the  Geological  Commission  led  him  to  decide 
to  publish  his  researches  on  the  Tertiary  fossils  of  Portugal.  Under 
the  title  Molluscos  fosseis. —  Gasteropodes  doa  depositos  terciarios  de 
Portugal  two  fascicules  only  were  issued,  dated  respectively  1866  and 
1867,  the  two  comprising  252  pages  of  text  and  28  plates.  But 
besides  these,  28  other  plates  of  Cephalopoda,  Gasteropoda,  and 
Pelecypoda  had  been  drawn  and  printed  off  (to  the  number  of 
seven  or  eight  hundred)  for  succeeding  fascicules.  At  the  conclusion 
of  the  Geological  Commission  in  1868  Pereira  da  Costa  resumed  his 
duties  at  the  Polytechnic  School,  and  these  unpublished  plates  were 
deposited  in  the  Library  of  the  Mineral  Section  of  the  National 
Museum,  which  contained  the  specimens  that  Pereira  da  Costa  had 
studied.  But  there  was  no  text  with  them,  and  unfortunately  no 
descriptions  of  the  fossils  that  had  been  drawn  were  found  amongst 
Pereira  da  Costa's  papers  after  his  death  in  1889. 

The  plates  having  been  handed  over  to  the  Geological  Survey  by 
the  present  Director  of  the  Mineral  Section  of  the  National  Museum, 
M.  Ferreira  Roquette,  they  are  issued  iu  the  work  now  before  us. 
With  the  assistance  of  M.  J.  C.  Berkeley  Cotter,  of  the  Geological 
Survey,  and  M.  J.  P.  Gomes,  naturalist  at  the  Museum,  the  ex- 
planations of  the  figures  have  been  prepared  by  M.  Gustavo  F. 
Doll f us,  the  French  palseontologist,  and  are  based  upon  the  original 
specimens  whenever  possible,  or  upon  authenticated  examples  of  the 
species;   whilst  an  original  and  extremely  interesting  sketch  of  the 
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marine  Miooene  of  Portagal  has  been  supplied  by  M.  J.  G.  Berkeley 
Cotter,  a  biographioal  sketch  of  Pereira  da  Costa  being  furnished 
hy  M.  J.  P.  Gomes.  M.  J.  F.  Nery  Delgado,  the  present  President 
of  the  Geological  Survey,  oontributes  a  Preface  to  the  work,  in 
which  he  explains  that  the  two  fascicules  issued  by  Pereira  da  Costa 
and  the  28  new  plates  by  no  means  represent  the  whole  of  the 
marine  Miocene  fauna  of  Portugal;  many  discoveries  having  been 
made  since  the  appearance  of  the  two  fascicules,  whilst  there  are 
many  gaps  in  the  new  series,  notably  among  the  Pelecypoda. 
Further,  that  some  genera  are  incompletely  represented,  whilst 
others  are  entirely  omitted.  ''Nevertheless,"  says  M.  Delgado, 
"  such  as  they  are,  these  twenty-eight  plates  are  very  interesting ; 
they  represent  many  species  often  imperfectly  known,  either  hitherto 
badly  figured  or  even  entirely  new." 

A  palsBontological  note  appended  to  the  work  contains  figures  and 
a  description  of  a  new  species  of  Anemia,  named  A.  Choffali,  after 
M.  Paul  Chofifat,  who  is  so  well  known  for  his  excellent  work  in 
connection  with  the  Geological  Survey  of  Portugal,  to  which  he  is 
attached. 


i^SI>OI^TS     J^ISTID     I^DBOOESEXDXlJTa-S- 


Gbologtoal  Society  of  London. 

I.— November  23rd,  1904.— J.  E.  Marr,  Sc.D.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read : — 

1.  "  On  an  Ossiferous  Cavern  of  Pleistocene  Age  at  Hoe  Grange 
Quarry,  Longclifife,  near  Brassington  (Derbyshire)."  By  Henry 
Howe  Arnold-Bemrose,  M.A.,  F.Q.S.,  and  Edwin  TuUey  Newton, 
F.R.S.,  V.P.G.S. 

During  quarrying  operations  in  Hoe  Grange  limestone  quarry  in 
April,  1902,  the  workmen  broke  into  a  cavern.  The  discovery  was 
first  made  known  to  the  writers  by  Mr.  J.  Ward,  of  the  Cardiff 
Museum,  but  the  news  of  mammalian  bones  being  found  soon  spread, 
and  many  of  the  remains  were  carried  away.  An  arrangement  to 
work  the  cave  systematically  was  made,  with  the  permission  of  the 
owner,  Major  Nicholson,  and  it  has  now  been  entirely  worked  out, 
the  results  being  given  in  the  present  paper. 

The  quarry  is  situated  near  the  top  of  the  plateau,  at  about 
1,100  feet  above  Ordnance  datum.  The  cave  is  evidently  a  master- 
joint  in  the  limestone,  enlarged  by  water,  and,  besides  being 
a  swallow-hole,  has  served  as  a  hysena  den.  The  large  number 
of  mammalian  remains  found  includes  lion,  hyaana,  rhinoceros, 
Elephas,  and  other  Pleistocene  forms ;  but  besides  these  there 
were  numerous  bones  and  teeth  of  fallow-deer,  mixed  with  the 
Pleistocene  remains  at  all  horizons  in  the  cave.  The  physical 
conditions  are  such  as  to  preclude,  as  the  authors  think,  any  idea 
of  a  redeposition  of  the  bones  at  any  date  subsequent  to  the 
Pleistocene  Period ;  and  it  is  concluded,  therefore,  that  the  fallow- 
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deer  {CervuM  dama)  was  a  Pleistooene  species,  althongh  hitherto 
supposed  to  be  a  much  later  introduction. 

2.  "The  Superficial  Deposits  and  Pre-Olacial  Valleys  of  the 
^Northumberland  and  Durham  Coalfield.*'  By  David  Woolacott, 
D.So.,  F.G.S. 

Six  Tolumes;  published  by  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  contain  a  large  number  of  boringa 
made  in  the  northern  coalfield.  A  considerable  proportion  of  these 
are  most  valuable  in  showing  the  nature  and  distribution  of  the 
superficial  deposits.  From  them  and  from  field-mapping  it  is 
possible  to  form  a  fairly  accurate  conception  of  the  pre- Glacial 
floor  of  the  district  and  its  drainage,  and  also  of  the  relative  changes 
of  level  before,  during,  and  after  the  Glacial  Period.  The  chief 
superficial  deposits  include  the  following  : — (1)  the  stony  Boulder- 
day  ;  (2)  the  Upper  Clay, ,  including  (a)  the  prismatic  clay  and 
(b)  the  leafy  clay ;  and  (3)  deposits  of  Sand  and  Gravel  occurring 
below,  in,  or  upon  the  Clay.  The  last  include  raised  beaches^ 
which  decline  in  height  when  traced  northward  and  southward  from 
Cleadon  and  Fulwell,  with  a  gradient  of  from  3  to  6  feet  per  mile. 

The  surface  deposits  lie  arranged  in  the  valleys  formed  before 
the  Glacial  Period,  and  often  reach  a  considerable  depth.  They  fit 
upon  and  level  up  the  Glacial  inequalities  of  the  country,  and  are 
not  found  above  1,000  feet.  The  base  of  the  Drift  is  in  some  cases 
as  much  as  140  feet  below  sea-level,  and  in  one  spot  the  thickness 
bored  through  is  233  feet.  By  inserting  all  available  borings  in 
maps,  it  is  possible  to  gain  some  idea  of  the  direction  and  depth 
of  the  valleys.  In  this  way  the  following  pre-Glacial  valleys  have 
been  located  :  —  The  Tyne  and  its  tributaries,  corresponding  in 
general  trend  with  the  present  Tyne,  which  is  superimposed  upon 
it ;  the  *  Wash,'  which  joins  the  present  course  of  the  Wear  with 
the  Tyne,  and  has  the  Team  superimposed  on  its  northern  part ; 
the  upper  Wear,  which  received  all  the  waters  from  the  west  of 
Durham  county,  took  up  several  large  tributaries  between  Bishop 
Auckland  and  Durham  city,  and  passed  through  the  *  Wash '  into 
the  Tyne  ;  the  Sleekburn  Valley  ;  and  the  Druridge  Bay  depression, 
into  which  the  pre-Glacial  Coquet  probably  ran.  Thus  in  pre- 
Glacial  times  the  Tyne  and  the  Tees  were  the  major  rivers,  and  the 
other  streams  were  tributary  to  them  ;  the  main  changes  have  taken 
place  in  the  lower,  and  not  in  the  higher,  parts  of  the  rivers.  The 
post-Glacial  Wear  has  breached  the  Permian  escarpment,  and  many 
gorge-like  valleys  have  been  cut  since  the  uplift  which  produced 
the  raised  beaches.  The  dependence  of  the  contour  of  the  country 
on  its  geological  structure  was  much  more  pronounced  in  pre- 
Glacial  times  than  at  present. 

II.— December  7th,    1904— J.  E.  Marr,   Sc.D.,  F.E.S.,  President, 
in  the  Chair.     The  following  communication  was  read  : — 
"  Tlie  Chemical  and  Mineralogical  Evidence  as  to  the  Origin  of 
the  Dolomites  of  Southern  Tyrol."     By  Prof.   Ernest  Willington 
Skeats,  D.Sc,  F.G.S. 
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Beoent  work  on  modem  ooral-reefs  has  shown  that  these  lime- 
stones contain  Tery  little,  if  any,  insoluble  residue.  The  study  of 
the  relative  proportions  of  the  organisms  composing  these  reefs,  and 
the  alterations  that  they  undergo,  has  further  shown  that  corals  play 
a  subordinate  part  in  them,  and  that  calcareous  algsd,  foraminifera, 
and  other  organisms  form  the  bulk  of  the  rocks  of  the  reefs.  The 
author  has  applied  this  information  in  the  examination  of  collections 
from  the  much  debated  area  of  the  Dolomites  of  Southern  Tyrol. 
The  chemical  examination  of  numerous  specimens  from  the  Sohleru 
dolomites  of  the  Schlem,  the  Langkofi,  the  Marmolata,  the  Sella, 
the  St.  Cassian  district,  the  Bichthofen  Beef,  and  numerous  other 
localities,  is  described,  so  far  as  relates  to  the  proportions  of  lime 
and  magnesia  and  of  insoluble  residue.  These  results  are  compared 
with  similar  analyses  of  limestones  from  lower  and  higher  borisons. 
Many  of  the  dolomites  are  devoid  of  insoluble  residue,  and  where 
this  is  present  it  can  generally  be  attributed,  as  in  the  raised  reefs 
of  Fiji,  etc.,  to  the  association  with  contemporaneous  volcanic  rooks. 
The  action  of  solution  during  the  slow  accumulation  of  deep-sea 
limestones,  and  the  presence  of  terrigenous  material  in  organic 
deposits  forming  near  the  shore,  give  to  these  limestones  a  mnch 
larger  proportion  of  insoluble  residue.  It  is  therefore  probable  that 
the  Schlem  dolomites  represent  a  Triassic  '  coral-reef,'  using  the  term 
in  the  modern,  more  extended,  sense.  The  author  proceeds,  on  this 
hypothesis,  to  suggest  the  conditions  under  which  the  dolomite  may 
have  been  deposited  in  the  dififerent  parts  of  the  area  in  question. 
He  next  proceeds  to  the  microscopical  examination  of  specimens, 
with  a  view  to  the  study  of  the  organisms  contained  in  them. 
While  the  limestones  have  undergone  mineralogical  and  chemical 
changes  similar  to  those  of  recent  coral-reefs,  they  contain  a  suite 
of  organisms  comparable  with  those  of  the  latter,  when  due  allowance 
is  made  for  the  loss  of  structure  due  to  more  complete  dolomitization. 
Forty-five  per  cent,  of  the  sections  yielded  no  trace  of  organic 
structure.  In  the  others,  calcareous  algSB  are  the  commonest  fossils, 
echinoderm-spiues  and  lam  ell  ibmnch- shells  are  not  uncommon,  while 
foraminifera  are  occasionally  found  ;  undoubted  corals  are  extremely 
rare.  But  reef-forming  corals,  gasteropoda,  and  some  of  the 
calcareous  algsa  are  built  of  aragonite,  and  hence  are  likely  to 
disappear  under  the  operation  of  mineralogical  changes ;  while  even 
the  more  stable  organisms  with  calcite  skeletons  begin  to  lose 
structure,  owing  to  the  invasion  of  crystals  of  dolomite. 

With  regard  to  the  origin  of  the  dolomite-masses,  it  is  shown  that 
the  conditions  favourable  to  their  formation  were : — (a)  shallow 
water  between  0  and  150  feet,  and  corresponding  to  a  pressure  of 
1  to  5  atmospheres;  (6)  the  presence  of  carbon-dioxide  in  com- 
parative abundance  causing  partial  solution  of  the  limestone,  and 
the  possibility  of  chemical  change  with  the  magnesian  salts  in  sea- 
water;  (c)  porosity  of  the  limestones  facilitating  the  movement  of 
mngncHian  solutions  ;  and  (d)  sufficiently  slow  subsidence  or  ele- 
vation to  render  the  change  from  calcite  to  dolomite  complete. 
Locally,  dolomite  is  deposited  directly  from  solution  in  confined 
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Areas  or  cavities  in  the  rook ;  while  the  Raibl  Dolomite,  associated 
^ith  gypsum,  was  formed  by  the  concentration  of  sea-water  in  land- 
locked areas. 


Edinbuboh  Gbologioal  Sooibtt,  October  19Lh,  1904.  — 
Mr.  B.  N.  Peach,  LL.D.,  F.R.S..  of  H.M.  Geol.  Survey,  President 
of  the  Society,  in  the  chair.  Opening  address  by  the  President : 
The  Higher  Crustacea  of  the  Carboniferous  Rocks  of  Scotland. — 
As  early  as  1835  Scouler  described  Dithyrocaris,  a  nebalid  crustacean 
from  the  Lower  Carboniferous  rocks  of  Scotland.  In  1861  Salter 
founded  the  genera  Palaocrangon  and  Anthrapalamon,  from  specimens 
collected  by  the  Rev.  Thomas  Brown  aud  Dr.  Orossart  from  the 
Carboniferous  rocks  of  Fife  and  Lanark  respectively.  These  he 
thought  to  be  macrurous  decapods.  Huxley,  in  1862,  described 
a  specimen  from  Paisley,  under  his  genus  Pygocephalus,  which  he 
rightly  placed  among  the  schizopods.^  From  1863  to  1882  several 
speoiea  of  Anthrapalamon  were  described  by  Salter,  Etheridge,  jun., 
and  B.  N.  Peach,  mostly  from  materials  gathered  from  the  Lower 
Carboniferous  rocks,  for  the  Geological  Survey,  by  Jas.  Bennie 
and  A.  Maconnochie.  From  this  material  Dr.  Peach  erected  the 
genus  Pseudogalaihea,  and  showed  that  the  American  genus 
Palieoearis  of  Meek  and  Worthern  occurred  in  Scottish  rocks. 
With  the  exception  of  the  last  genus  these  Crustacea  were  held 
to  be  macrurous  decapods. 

On  the  publication  of  the  Report  on  the  Challenger  Schizopods 
by  G.  0.  Sars,  Dr.  Peach  had  reason  to  change  his  opinion,  and 
after  studying  a  great  deal  of  new  material  gathered  for  the 
Geological  Survey  by  A.  Maconnochie,  and  from  material  from 
Ardross  in  Fife  obtained  by  William  Anderson,  he  has  been  able 
to  demonstrate  that  Palaocrangon  belongs  to  the  family  Euphausiida 
and  Anthrapalamon  and  Pygocephalus  to  the  Lophogasirida^  while 
Palaocaris  has  been  found  to  belong  to  the  family  Annspida  made 
to  hold  the  recent  Anaspides  of  G.  M.  Thompson.  These  points 
were  shown  to  the  meeting  by  means  of  lantern  slides  photographed 
either  direct  from  the  fossils  or  from  drawings  made  by  Dr.  Peach. 
Dr.  Peach  also  showed  photographs  of  schizopods  which  liad  assumed 
squillid  characters.  He  was  of  opinion  that  in  Carboniferous  times 
the  schizopods  were  the  highest  forms  of  Crustacea  then  extant,  and 
that  the  decapods  had  not  then  been  evolved. 

From  the  nature  of  the  sediments  in  which  their  remains  are 
embedded,  and  from  the  other  fossils  found  associated  with  them, 
these  old  schizopods  must  have  lived  in  shallow  water  near  shore. 
At  present  the  Eupliausiida  are  for  the  most  part  pelagic,  the 
Lophogasirida  inhabit  the  bed  of  the  deep  sea,  while  Anaspides 
has  only  yet  been   found  in  a  fresh- water  pool  in  the  mountains 


'  See  also  paper  by  Dr.  H.  Woodward  in  Trans.  Glasgow  Geol.  Soc,  1866, 
vol.  ii,  pp.  234-247,  pi.  iii,  giving  figures  and  descriptions  ot  Fygocephalm  Coopei't^ 
P.  Huxleyif  Anthrapaketnon  Grossartiiy  etc. — Edit.  Geol.  Mao. 
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of  Tasmania.    The  decapods  have  now  usurped  the  present  shores 
and  the  shallow  seas. 

Dr.  Peaoh  further  showed  that  all  the  ahove  families  existed  in 
the  earliest  Carhoniferous  times,  and  that  they  most  have  branched 
off  from  a  nebalid  stem  at  a  much  earlier  geological  date. 


MiNERALOQiOAL  SooisTY  OF  LoMDON,  November  15th. 

Professor  H.  A.  Miers,  F.B.S.,  President,  in  the  chair.  Dr.  J.  W. 
Evans  described  two  new  forms  of  quartz-wedge,  by  means  of  which 
approximate  quantitative  estimations  can  be  readily  made  of  the 
double  refraction  of  minerals  in  small  grains  or  in  rock-sections. 
Mr.  J.  Currie  contributed  a  note  on  some  new  localities  in  Scotland 
and  the  Faroes  of  gyrolite  and  tobermorite,  and  Mr.  C.  B.  Lindsey 
one  on  the  ooourreaoe  of  microscopic  crystals  of  brookite  with 
anatase  in  the  Cleveland  ironstone.  Mr.  R.  H.  Solly  exhibited  and 
described  various  minerals  from  the  Lengenbach  quarry,  Binnenthal. 
Three  of  these  were  new,  viz.  marrite  and  bowmanite,  of  which 
the  chemical  composition  has  not  yet  been  determined,  and  lengen- 
bachite,  which  has  been  shown  by  Dr.  Hutchinson  to  be  a  suTph- 
arsenite  of  lead  containing  some  copper  and  antimony,  and  bavug 
a  specific  gravity  of  5*8.  Marrite  occurs  in  small  lead-grey  crystals 
resembling  modified  cubes,  and  lengenbachite  in  thin  lead-grey 
blade-shaped  crystals,  some  as  long  as  40  mm.,  showing  a  highly 
perfect  cleavage.  Marrite  crystallises  in  the  oblique  system  with 
a  :  6  :  c  =  0-57634 : 1 :  047389,  and  /3  =  88°  45',  while  lengenbachite 
is  probably  anorthio.  Bowmanite  occurs  in  small  honey-yellow 
rhombohedral  crystals  with  111  :  100  «  53""  50'.  It  has  a  highly 
perfect  cleavage  parallel  to  100,  and  a  specific  gravity  of  about  3*2. 
The  author  also  described  twinned  crystals  of  seligmannite  dispersed 
over  large  crystals  of  dufrenoysite  and  baumhauerite,  and  curious 
highly  modified  crystals  of  blende  showing  a  thin  metallic  lead-grey 
coating.  Mr.  H.  L.  Bowman  described  crystals  of  a  mineral  from 
Cornwall  which  had  been  sent  to  him  for  determination  by  Mr.  F.  H. 
Butler.  They  were  found  to  be  bertrandite,  a  mineral  new  to  the 
British  Isles.  Mr.  O.  F.  Herbert  Smith  exhibited  a  slightly  modified 
form  of  the  hand  refraotometer  which  he  had  previously  described. 
Mr.  H.  Hill  contributed  notes  on  some  applications  of  the  gpiomonio 
projection  to  crystallography,  and  on  the  construction  of  crystallo- 
graphic  projections. 

Manohestbb  Umivbbsitt  Qeolooists'  Association. 

A  meeting  was  held  in  the  Geological  Lecture  Theatre  of  the 
Owens  College,  Manchester,  on  December  8th,  at  which  it  was 
resolved  to  establish  a  Manchester  University  Geologists'  Association. 
The  object  of  the  Association  is  to  afford  a  centre  of  social  reunion 
for  the  discussion  of  geological  subjects.  Past  and  present  students 
of  the  University  are  eligible  for  membership,  also  others 
interested  in  geology  who  may  be  recommended  by  the  Committee. 
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Professor  Boyd-Dawkins  was  elected  President ;  Mr.  B.  Hobson  and 
Mr.  Winstanley,  Vice-Presidents ;  Mr.  W.  J.  Hall,  Secretary  ;  and 
Mr.  0.  B.  Leigh,  Treasurer ;  and  in  addition  Mr.  0.  R  Lindsey, 
Mr.  H.  B.  Hewlett,  and  Mr.  G.  Hickling  were  appointed  members 
of  tbe  Committee. 

The  meetings  are  to  take  place  monthly,  during  the  University 
Session,  at  the  Owens  College,  and  excursions  will  be  arranged  to 
plaoes  of  geological  interest  in  the  Spring  and  Summer. 


coi^i^Es:poi<riD.E3i<rc:E3. 


THE  LOWER  CULM  OP  NORTH  DEVON. 

Sib, — In  the  Gsologioal  Magazine,  November,  1904,  pp.  530-^2, 
appears  a  Note  by  Dr.  Arthur  Vaughan  on  the  above  beds. 

Never  having  worked  in  the  Carboniferous  Limestone  areas  of 
Chepstow,  etc.,  or  the  foreign  equivalents  referred  to,  I  am  unable 
to  express  an  opinion  on  the  conclusions  arrived  at  by  Dr.  Vaughan. 
<£at  I  mast  take  exception  to  the  observations  contained  in  the  last 
|)aragraph  of  p.  531  commencing  <*I  further  deduce,"  etc. 

The  beds  from  which  the  fossils  north-west  of  South  Molten  were 
tx)llected  are  the  Posidonomya  beds,  and  these  fossils  occur  in 
calcareous  bands  intercalated  with  the  Posidonomya  shales  and 
limestones.  1  cannot,  therefore,  accept  the  statement  that  these 
beds  are  at  a  **  somewhat  lower  level "  than  those  of  Codden  Hill. 
On  the  contrary,  I  believe  them  to  be  the  continuation  of  the  Venn 
and  Swimbridge  beds  and  therefore  above  the  highest  zone  of 
Codden  Hill.  Dr.  Vaughan  admits  that  he  is  not  personally 
acquainted  with  the  Codden  Hill  district.  May  I  be  allowed  to 
suggest  that  he  makes  himself  so,  when  I  think  he  will  see  that 
an  area  such  as  this  is  not  quite  so  easily  *  zoned.'  Or,  at  least, 
that  the  question  can  hardly  be  decided  on  the  evidence  of  a  part 
of  the  fauna  only.  It  is  a  mistake,  1  think,  to  attempt  such  a  thing 
without  taking  into  consideration  tbe  whole  of  the  fossil  evidence, 
stratigraphy,  and  litbological  character  of  the  rocks. 

Tbe  locality  from  which  the  fossils  referred  to  come,  should  be 
described  as  south  of  North  Aller  not  South  Aller.  This  was  an 
error  on  the  labels  of  my  fossils  and  no  fault  of  Dr.  Vaughan's. 

J.  G.  Hamlino. 

Thb  Close,  Barnstaple, 
November  9th,  1904. 


CEPHALOPODA  FROM  NORTH-WEST   FRONTIER  OF  INDIA. 

Sib, — In  my  **  Note  on  two  Cephalopods  obtained  by  Lieut.-Col. 
Skinner,  R.A.M.C,  from  the  Valley  of  the  Tochi  River  on  the 
north-west  frontier  of  India,"  which  appeared  in  the  Geological 
Magazine  for  October  last  (pp.  490-493),  tbe  locality  of  the 
Ammonoid  {Crioceras ?) ,  as  given  in  the  explanation  of  the  figures, 


48  Obituary— Q.  V.  Poore,  M.D.,  F.R.C.P. 

differs  somewhat  from  my  statement  in  the  text.  This  fossil  should 
have  been  desoribed  as  ''derived  :  found  in  the  Alveolina  limestone 
at  Miram  Sbah,  east  of  Dandi  plain."  G.  G.  Cbick. 

British  Museum  (Natural  History). 
December  13M,  1901. 


THE  MEANING  OP  THE  WORD  'DEUTOZOIC 

Sir, — May  I  request  some  better  Qreek  scholar  than  myself  to^ 
tell  me  the  meaning  of  the  word  *  Deutozoio,'  whioh  appears  in 
the  title  of  an  article  in  your  Magazine  for  last  December  (p.  591). 
The  second  half  leads  me  to  suppose  it  has  been  formed  from  that 
language,  but  I  have  searched  my  Lexicon  (a  large  one)  in  vain 
for  any  such  word  as  deutos.  Our  old  acquaintance  dud,  which 
survives  in  several  languages — two  in  English — has  a  comparative 
deuieroB  (second)  and  occasionally  a  superlative  deutatoa  (the  last), 
but  obviously  the  former  would  make  '  Deuterozoic*  I  find  indeed 
a  word  deute  (*  hither'  or  '  come  on  I '),  but  that  would  make  nonsense. 
Perhaps,  however,  the  word  has  been  fabricated  or  quoted  at  thi» 
time  to  show  that  < compulsory  Greek'  at  Oxford  and  Cambridge 
is  no  real  protection  to  the  language.  T.  O.  Bonnxt. 


OBITTJ-A.I^'Y"- 


GEORGE    VIVIAN    POORE,    M.D.,    F.R.C.P. 

Born  September  23,  1843.  Died  November  23,  1904. 

We  regret  to  record  the  death  of  Dr.  G.  V.  Poore  (formerly 
medical  attendant  to  H.R.H.  the  Duke  of  Edinburgh  on  board  ihe- 
*  Galatea,'  and  afterwards  to  H.K.H.  Prince  Leopold,  Duke  of 
Albany),  Consulting  Physician  to  University  College  Hospital,  and 
one  of  the  leading  authorities  on  Sanitary  Science.  In  his  *'  London, 
Ancient  and  Modem  "  (Cassell  &  Co.,  1889),  the  author  treats  of  the 
condition  of  the  city  and  its  suburbs  and  the  health  of  its  inhabitants 
in  the  past  300  years,  and  it  is  full  of  interesting  historical  matter 
and  excellent  observations  on  the  form  and  nature  of  the  groond, 
of  springs  and  wells,  and  sanitation.  In  his  latest  published  work 
entitled  **  The  Earth  in  relation  to  the  preservation  and  destmotion 
of  Contagia"  (1902),  he  dealt  with  many  matters  in  whioh  medical 
science  and  geology  are  intimately  concerned,  such  as  soils  and 
water-supply,  drainage,  military  camps,  etc.  In  this,  as  in  previoasly 
published  works,  he  condemned  those  **  systems  of  sewerage  whioh 
carried  away  from  the  soil  matters  capable  of  enriching  it,"  and  he 
justified  his  conclusions  by  reference  to  personal  experiments  on 
his  own  property  at  Andover. 


THE 
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•^^NoTS  ON  THE  Age  and  Locality  of  the  JSsthehiellA'Skau^ 

FBOH  THE  Malay  Peninsula. 

By  R.  BvLLEN  Nbwton,  F.G.S. 

llfB.  JOHN  B.  SORIVENOR,  B.A.,  F.Q.S.,  Geologist  to  the 
mi  Federated  Malay  States,  has  forwarded  to  me  for  determination 
^Yeral  pieces  of  a  dark-greyish  argillaceous  shale,  largely  charged 
'With  particles  of  mica  and  valve-impressions  of  a  small  phyllopodoas 
OmBtaoean,  which  he  has  discovered  in  the  Native  States  of  the 
If  alay  Peninsnla. 

In  hia  letter  Mr.  Scrivenor  remarks :  ''  The  fossils  that  I  send 
^were  fonnd  hy  myself  on  the  sarfaces  of  a  series  of  shales  and  sand- 
Btones,  practically  vertical  and  striking  N.N.E.-S.S.W.,  at  Pukus 
Semanggol,  Larut,  Perak.  This  series  is  of  enormous  extent; 
I  have  traced  it  over  180  miles  north  and  south  along  the  railway. 
So  far  no  fossils  whatever  have  been  found  in  them,  that  I  know  of, 
in  the  Western  States." 

Before  attempting  to  describe  these  fossils  myself,  I  thought  it 
desirable  to  submit  them  to  Professor  T.  Rupert  Jones,  F.R.S.»  our 
principal  authority  on  the  fossil  Phyllopoda ;  and  he,  fortunately  for 
science,  has  taken  so  keen  an  interest  in  the  specimens  that  he  has 
carefully  diagnosed  their  characters  in  a  systematic  description,  and  so 
made  a  valuable  contribution  to  the  palceontology  of  this  little-known 
area  of  the  Oriental  region.  Professor  Rupert  Jones'  examination 
enables  him  to  state  that  the  shales  contain  only  one  form  of  this 
cnrioos  group  of  Crustaceans,  which  he  refers  to  a  new  variety 
of  an  already  described  species  from  the  Triassic  rocks  of  Sicily 
known  as  Estheria  radiata  of  Salinas.  As  the  adult  specimens 
exhibit  radial  as  well  as  concentric  sculpture.  Professor  Jones 
places  this  species  under  the  generic  name  of  Estheriella,  From 
a  stratigraphical  point  of  view  this  determination  is  most  satis- 
factory, as  it  furnishes  additional  evidence  of  the  presence  of  the 
Trias  formation  in  the  Malay  Peninsula,  marine  Triassic  shells  having 
already  been  reported  by  me  from  that  country  (Proo.  Malacol.  See. 
London,  1900,  vol.  iv,  p.  130,  pi.  xii).  It  is  interesting  to  note 
that  the  genus  EBtheriella,  originally  established  by  Weiss  for  species 
peculiar  to  the  Bunter  Sandstone  of  Diirrenberg,  in  Saxony,  so  far  as 
can  be  ascertained,  is  only  known  to  have  existed  in  Triassic  times. 
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VTHEBOUS  fpecimeiis  (haTiiig  the  geneiBl  aqwet  of  Edkena) 
i^     lie  on  the  bed-planes  of  a  bloulu  sligfatlj  inioaoeoii%  non* 
calcareooa  shale  from  the  ^  Shale  and  Sandstone  Series  '*  of  the 
Federated  llalay  States.      Tike  Talves  lie  flatwise  in  tlio  Btnti» 
either  singly  or  in  still  connected  pairs;  snd  are  not  ao  mnoh 
compressed  but  that  they  show  the  ooncaTity  of  the  insides,  and 
the  conTexity  and   special   features  of  the  ontsides.     There  an 
many   examples  of  valres  in  difleient   stages  of  growth^  bot  a  <- 
striking  similarity  of  character  indicates  that  all  belong  to  one    * 
species.     The   shell  itself  is  absent,   bnt  hollow  moalds  of  one  « 
Tslve  and  solid  casts  of  the  other  supply  material  for  defining  its 
character.    No  other  organisms  hare  been  reoognised  in  the  shale. 

Deicripiiom  of  the  Speeies, 

The  valves  (see  PI.  IL  Figs.  1-3)  are  broadly  snbovate,  nearly 
semicircalar,  short,  and  broad  or  oval-oblong  with  rounded  ends. 
The  anterior  extremity  has  the  bolder  curvature.  The  dorsal  border 
is  nearly  straight ;  ventral  border  boldly  curved.  The  mnbo  is 
towards  the  anterior  end  of  the  dorsal  border,  at  about  one-third 
of  the  length  of  the  valve.  Behind  the  umbo  the  border  gently 
slopes  to  the  postero-dorsal  angle,  and  has  a  distinct  but  narrow 
marginal  fold,  llie  valve  is  of  the  same  shape  as  fig.  19  In  pL  iii, 
*'  Monograph  of  Fossil  Ettheria,"  Pal.  Soc.,  1862,  p.  103,  but  with 
a  more  definite  postero-dorsal  angle ;  the  short  form.  Tar.  ts^ 
quadrata,  of  the  Wealden  Esiheria  eUiptiea  (4^  mm.  long). 

Many  concentric  parallel  ribs  or  wrinkles,  such  as  are  observable 
in  known  Estheria,  are  shown  by  these  Malayan  specimens,  both 
on  the  casts  of  the  outsides  and  in  those  of  the  insides  of  the  Talves. 
In  some  respects,  however,  these  concentrics  of  the  Malayan  species 
differ  from  those  of  almost  all  other  Estherians,  namely,  (1)  in 
l)eing  less  ridge-like,  broader,  and  more  convex  individually; 
(2)  in  having  numerous  small,  subsidiary,  parallel,  raised  lines, 
intercalated  on  their  surfaces  and  in  their  interspaoes ;  and  (8)  by 
l>eing  crossed  with  a  radial  ornament  The  main  conoentrics  or 
wrinkles  are  about  fifteen  in  number,  and  are  frequently  seen  to  be 
pushed  up  into  ridges  near  the  umbo,  as  in  specimen  '  A,*  PL  II, 
Fig.  2,  corresponding  in  its  raised  concentrics  to  the  furrows  in 
specimen  'B,'  PI.  II,  Fig.  1.  At  the  umbo  they  are  squeexed 
together,  and  indeed  crushed  down ;  but  they  are  broader  and 
rounded  elsewhere.  Throughout  they  are  marked  with  the 
supplementary  riblets  (5  or  6)  both  on  the  regular  oostso  and  others 
between  them  where  there  is  interstitial  space  enough. 

The  Malayan  specimens  are  characterized  by  having  twenty-four 
and  more  delicate,  close-set,  parallel,  linear  furrows  radiating  from 
the  umbo  to  the  ventral  edge  of  the  valve.    In  some  oases  they  are 
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more  distinot  on  the  anterior  than  on  the  posterior  moiety  of  the 

val?e,  and  sometimes  more  so  on  either  than  in  the  middle.     In 

^me  valves,  however,  the  radial  lines  are  persistent  throughoat  the 

Ventral  region,  as,  for  instance,  in  the  specimens  shown  by  Figs.  2-4. 

A  notioeable  feature  due  to  existenoe  of  these  very  thin  radial  suloi 

tfl  that  the  surface  of  the  adult  shell  has  the  aspect  of  having  been 

sgaeesed  transversely,  and  thus  modified  by  the  intervals  between 

these  slight  (but  sufficiently  deep)  furrows  being  puckered  up  into 

small,  regular,   parallel,  radial  ridges,  crossed    by  the    frequent 

sacoessional  edges  of  growth  in  the  shell,  and  by  the  interstices  of 

the  concentric  costse.     (See  Fig.  4.) 

Very  fine  delicate  parallel  lines  are  also  recognizable  on  the  radial 
ridges  (see  Fig.  4).  The  radial  lines  and  ridges  supply  the  generic 
^diaracters  of  ^8<WteZ7a,  Weiss  (Zeitsch.  deutsch.Gleol.  Qes.,  vol.  xxvi, 
1875,  p.  711,  note ;  and  B.  Jones,  Qbol.  Mag.,  1891,  p.  53). 

Comparison  of  the  Malayan  with  some  Sicilian  Species, 

Some  closely  allied  fossil  species  (presumably  of  Triassic  age) 
have  been  figured  as  Estheria  by  Professors  O.  Q.  Oemmellaro  ^  and 
E.  Salinas,'  to  which  these  Malayan  specimens  have  much  resem- 
blance. Professor  Salinas  gives  full  descriptions  of  the  species  he 
has  figured. 

Comparing  the  best  of  our  specimens  (PL  II,  Figs.  1-3)  with 
Salinas'  Estheria  radiata^  op.  cit,  pi.  i,  ^g.  6,  we  see  that  they  are 
rather  larger,  that  the  dorsal  border  is  more  strongly  modified  by 
the  umbo,  and  has  its  two  moieties  more  unequal  than  in  Salinas' 
fig.  6  ;  but  it  is  nearly  straight  throughout,  although  slightly 
modified  by  the  somewhat  protruding  umbo.  Specimens  *  A '  and 
'  B '  differ  from  Estheria  Ciofaloi,  Salinas,  op.  cit,  pi.  i,  figs.  1-5 
(especially  figs.  1-3),  in  its  shorter  dorsal  edge  and  less  oblong 
outline.  The  subtrigonal  aspect  of  figs.  2  and  3  may  be  due  to 
a  partial  imbedment,  such  as  occurs  with  numerous  shells  of 
a  similar  shape. 

In  the  Malayan  specimens  we  also  find  that  the  concentrics  are 
broader,  each  bearing  five  or  six  costulsB ;  and  that  the  radials  are 
more  numerous,  thicker,  and  stronger ;  also  that  the  Sicilian  figures 
do  not  show  any  small  intercalated  concentrics,  either  on  the  broad 
ribs  or  in  the  interspaces. 

Some  of  the  above-mentioned  differences  in  form  are  not  of  much 
importance  ;  but  on  account  of  the  numerous,  thin,  intercalated 
concentrics,  and  the  radial  lines  occurring  all  over  the  ventral  region 
(PI.  II,  Figs.  1-4),  I  prefer  to  regard  this  form  as  somewhat 
different  from  Salinas'  Estheria  radiata,  and  to  name  it  ^stherieUa 
radiata  (Salinas),  var.  multilineata,  nov. 

An  analogous  structural  aspect  of  the  surface  in  a  valve  is  shown 
by  figs.  5-6  (particularly  ^g,  6&)  in  plate  v  of  vol.  ix  of  the  Trans. 

*  G.  G.  Gemmellaro,  **  Sul  Trias  della  redone  occidentale  della  Sicilia":  Atti 
Accad.  Lincei,  8er.  m,  vol.  xii  (1882),  Rome  (Memorie),  pp.  451-473  ;  pp.  455-456, 
Sitheria  Ciofaloi^  Gemm.  (not  described),  pi.  v,  fig.  13. 

'  Emmanuele  Salinafl:  *'  Sulle  Esterie  del  Trias  di  Sicilia,'*  small  4to,  Palermo 
(Moseo  Geol.  Min,  R.  Univ.  Palermo),  1897,  pp.  1-12,  pi.  i. 
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Geol.  Soo.  Glasgow,  1890  (or  1891),  deaoribed  as  that  of  the 
OarboniferooB  Esiheria  iegulata,  Jonea,  at  p.  84.  In  E.  ieMiellaia,  an 
allied  form  (ibid.,  p.  B2,  pi.  ▼,  figs.  2^4),  a  aimilar  arrangement  u 
also  shown  of  a  oonoentrio  being  orotaed  by  a  radial  system  oi 
stmctaral  lines. 

The  Figs.  Sd'-g,  PI.  XI,  Giol.  Mao.,  1897,  pp.  289-293,  might  be 
regarded  of  special  interest  as  showing  how  mnoh  the  interstitial 
bar-ornament  may  be  sometimes  developed  into  soperfioial  radiala ; 
but  the  intermediate  stages  are  wanting.  In  JSkikeridla  the  radiah 
certainly  have  the  appearanoe  of  having  been  dne  to  preasore  a1 
nearly  a  right  angle  to  the  vertical  height  of  the  valve,  giving  the 
shiurp  radios  in  Figs.  11  and  13  of  PI.  U,  Giol.  Mao.,  )891.  What 
may  perhaps  be  looked  upon  as  obsoore  traces  of  radiaU  (regarded 
at  the  time  of  description  as  probably  the  remains  of  pressure 
wrinkles)  are  visible  in  the  figure  of  Esikena  Orep^  Qiol.  Mao., 
1878,  PI.  Ill,  Fig.  1.  Better  and  more  namerons  specimens  arc 
wanted  for  farther  detailed  examination. 

EXPLANATION  OP  PLATE  II. 

Fio.  1. — Malayan  specimen  '  B.'     XttkerieUa  radiata  (Salinas),  Tar.  muitilimMta. 

noT.    A  pair  of  valTes,  lying  open,  with  the  outer  surface  exposed.    Magnifiea 

3  diam. 
„    2. — ^Malayan  specimen  *  A.'    The  same  species.    A  pair  of  TahoB,  lying  open 

and  exposing  the  insides.    Hajrnified  3  aiam. 
,,    3. — Malayan  specimen  <  10.'    Tne  same  species;    Dextral  Talye.     Magnified 

f  diam. 
„    4. — ^Malayan  specimen  *  10.'    The  same  species.    Part  of  the  surface  of  Fig.  3. 

Magnified  8  oiam. 


III.  —  Notes  on   some  Rooks   from  Abarat. 

By  Professor  T,  G.  Bon-ney,  D.Sc.,  LL.D.,  F.R.S. 

DUBINQ  a  jonmey  throngh  Russian  Armenia  in  1893  Mr.  H.  F.  B. 
Lynch  ascended  Ararat  and  collected  a  number  of  small 
specimens  from  that  moimtain  and  other  parts  of  the  country 
These,  after  his  return,  he  placed  in  my  hands,  requesting  me  tc 
examine  them.  At  that  time  he  intended  to  include  my  report  ir 
a  book  then  in  preparation,  which  was  completed  after  a  second 
jonmey  (through  the  Turkish  provinces)  in  1898.^  On  thif 
oooasioh  he  was  accompanied  by  Mr.  Felix  Oswald,  B.Som  whc 
studied  the  geology  of  the  country  and  collected  nameroui 
specimens.  Mr.  Lynch  accordingly  decided  to  omit  from  his  worV 
all  geological  details,  and  leave  these  to  be  dealt  with  separately  bj 
Mr.  Oswald.  But  some  time  must  still  elapse,  owing  to  the 
pressure  of  official  duties,  before  he  will  have  completed  the  work 
and  as  they  did  not,  on  the  second  journey,  go  near  Ararat,  I  have 
decided,  since  the  mountain  has  so  much  historic  interest,  to  publisl 
my  notes,  though  a  little  has  already  appeared  on  this  subject 
Herr  H.  Abich,  to  whose  unwearied  labours  we  are  so  greatlj 

1  << Armenia:  Travels  and  Studies.*'    2  yoIs.    Longmans,  1901.    The  ascent  o1 
Ararat  is  described  in  chs.  xi-xiii  (vol.  i). 
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indebted  for  information  about  the  geology  of  Asia  Minor,  ascended 
Axmi  on  July  29,  1845,^  and  Dr.  F.  Becke'  has  desoribed  the 
luiorosoopio  stracture  of  three  specimens  which  he  brought  down. 
One  is  from  the  summit,  another  from  a  parasitic  cone,  Takjaltu, 
on  the  south-east  slope,  and  a  third  from  the  same  slope  of  Little 
Ararat  Mr.  Lynch's  collection,  as  will  be  seen,  is  a  much  larger 
one,  so  that  it  gives  a  more  complete  idea  of  the  materials  of  the 
mountain. 

The  volcanic  mass  of  Ararat,  a  natural  monument  to  mark  the 
place  where  three  empires  meet,  rises  at  one  end  of  the  Aghri  Dagh 
range  from  a  rudely  elliptical  base  measuring  about  28  miles  from 
N.W.  to  S.E.  by  23  miles  in  the  transverse  direction.  The  mountain 
viewed  from  the  north,  where  it  is  seen  towering  up  to  some 
14,000  feet  above  the  Arazes  valley,  shows  a  long  ridge,  its 
eastern  end  crowned  by  the  fairly  steep  cone  of  Little  Ararat 
(12,840  feet),  from  which  it  descends  to  about  9,000  feet,  and  then 
rises,  at  first  gently,  afterwards  more  sharply,  to  the  snowy  pyramid 
of  Great  Ararat  (16,916  feet).'  On  its  northern  side  a  chasm  or 
glen  runs  up  towards  the  summit  into  the  heart  of  the  mountain. 
This  also  was  visited  by  Mr.  Lynch,  who  informs  us  that  in  1840 
it  was  to  some  extent  modified  by  an  earthquake. 

Chreai  Ararat, 

In  his  ascent  of  Ararat  he  encamped  first  at  a  height  of  about 
7,500  feet  in  an  upland  valley  on  the  northern  side  of  the  depression 
(about  8,800  feet)  between  Little  and  Great  Ararat,  and  for  the 
second  night  on  the  south-eastern  side  of  the  latter,  at  an  elevation 
of  12,194  feet.  A  specimen  marked  Great  Ararat  Camp  (A)  is 
a  dark-grey  rock  oootaiuing  numerous  whitish  felspar  crystals  (up 
to  about  01  inch  in  diameter)  and  some  minute  vesicles.  Micro- 
scopic examination  shows  a  base  consisting  of  a  light-brown  glass 
crowded  with  minute  prismatic  mioroliths  and  speckled  with 
opacite.  In  this  ground-mass  are  scattered  grains  of  hematite  or 
magnetite  and  crystals  of  plagioclase  felspar.*  The  latter  frequently 
contain  numerous  glass  enclosures  with  vacuoles,  which  not  seldom 
are  crowded  in  an  outer  zone  of  the  crystals.  Pyroxene  also  occurs, 
and  although  the  grains  of  it  have  a  general  resemblance,  there  is 
probably  more  than  one  species  present.  Some  exhibit  slight 
pleochroism  and  straight  extinction,  indicating  a  mineral  akin  to 

>  For  early  ascents  of  Ararat,  see  Alpine  Journal,  vol.  viii,  p.  213. 

-  n.  Abich:  "  Greologische  Forschunjijen  in  den  kaukasischcn  Landem,"  iii,  102. 
A  general  description  ot  the  chiet  varieties  is  given  by  Dr.  Parrot,  who  made  the 
first  ascent  in  1821)  ("Journey  to  Ararat,'*  p.  198,  n.d.). 

3  This  is  the  height  given  by  Mr.  Lynch ;  other  authorities  make  it  17,100  feet. 
The  snow -line  in  Summer  is  about  13,600  feet. 

*  I  prefer  to  leave  this  indetinite  name  in  all  these  rock-specimens.  Many  of  the 
crystals  arc  not  fitted  for  measurement  by  reason  of  enclosures,  etc.  Others  give 
indeiinite  results,  but  in  most  of  the  specimens  1  have  identified  labradorite,  and 
more  than  one  si)ecies  is  pros -nt,  the  microliths  agreeing  better  with  oligoclase. 
I  have  thought  it  needless  to  note  the  variations  in  size.  The  largest  (in  B,  ft,  1)  is 
about  -08  inch  long,  but  they  commonly  range  from  about  '06  inch  downwards,  the 
pjToienes  running  a  little  smaller. 
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amblysteKite,  while  in  others  the  extinction  angle  Taries,  being 
or  twioe  Targe  enough  for  angite. 

"Below  the  anmrnit  of  Great  Ararat  (B)."  Twenty-eight  rook: 
fragments,  some  of  them  very  small,  were  ooUeoted  jnst  below  the 
summit  ^  of  Great  Ararat,  at  about  16,700  feet  They  vary  muoh  in 
colour  and  aspect,  but  probably  include  only  three  or  four  varieties. 

One  group  (B,  a)  appears  to  be  represented  in  its  freshest  oon* 
dition  by  a  dark-grey  rock  resembling  that  already  described,  and 
the  microscope  shows  no  great  di£ference.  The  glassy  base  is 
a  little  more  ferrite-stained  and  has  fewer  distinct  transparent 
microliths;  the  plagioolase  felspars  have  fewer  and  smaller  glass 
enclosures ;  the  pyroxenes  are  similar,  one  or  two  being  certainly 
augite. 

A  second  group  (B,  6,  2)  is  represented  in  its  freshest  state  by 
a  slightly  darker,  more  porous,  more  porphyritic  rock.  A  slice  of 
it  shows  a  larger  amount  of  glass  than  the  others,  this  bdng 
of  a  rich  brown  colour  with  granules  of  opacite  and  a  fair  number 
of  transparent  microliths.  In  it  we  find  grains  of  iron-oxide 
(hematite  in  part) ;  plagioolase  felspars,  generally  idiomorphio, 
occasionally  with  rather  abundant  glass  enclosures  in  the  larger 
specimens  (probably  from  partial  melting),  and  a  light  -  brownish 
pyroxene,  some  crystals  of  it  certainly  augite,  perhaps  one  or  two 
amblystegite. 

Three  specimens  (B,  &,  1)  of  a  blackish  glassy  material  studded 
with  small  crystals  of  white  felspar.  The  specific  gravity  of  one 
specimen  is  2*483.'  A  slice  cut  from  one  of  the  specimens  shows 
a  glass  which  exhibits  a  fluxional  structure  and  is  present  in  larger 
amount  than  in  any  of  the  other  rocks.  It  is  generally  brown,  but 
with  almost  colourless  streaks,  is  studded  with  microliths,  both 
minute  belonites  and  small  prisms  apparently  of  felspar,  and  is 
slightly  spotted  with  granules  of  iron-oxide.  In  this  base  are 
crystals,  sharp-edged,  broken,  or  rounded,  of  plagioolase  felspar, 
magnetite,  or  hematite,  hornblende  and  amblystegite.  Glass 
enclosures  in  the  felspar  are  small  in  size  and  variable  in  amount, 
in  several  cases  developed  mostly  in  the  exterior  zone.  The  rock  is 
a  pitchstone  (andesite). 

A  number  of  light  -  coloured  fragments  (B,  6)  varying  from 
yellowish-grey  to  almost  white,  the  differences  probably  being  due 
to  the  amount  of  decomposition.  A  specimen  sliced  shows  the  rock 
to  be  less  well  preserved  than  the  others,  but  its  di^erences  are  only 
varietal.    It  also  contains  amblystegite. 

The  description  of  Herr  Abich's  specimen,  said  to  come  from  the 
summit  of  Great  Ararat  (on  which  no  rock  was  exposed  when 
Mr.  Lynch  reached  it),  agrees  so  closely  with  that  given  above 
under  B,  6,  1,  that  I  have  little  doubt  the  rocks  are  substantially 
identical.  His  specimen  contains  a  rhombic  pyroxene  which 
Dr.  Becke  names  bronzite,  but  which  I  think  would  now  be  regarded 

>  The  highest  rock  visible  at  the  time  of  Mr.  Lynches  visit. 
*  Detormincd  by  Walker's  balance. 
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as  amblystegite^  and  a  green  non-pleoohroio  angite  instead  of  the 

/airly  pleoohroio  (brownish-green)  hornblende. 

The  specimen  from  the  Takjaltu,  a  parasitic  cone  on  the  south- 
east slope  of  Ararat,  must  have  come  from  the  main  pyramid  not 
very  far  from  Mr.  Lynch's  line  of  ascent  It  is  ''a  pale  grey 
compact  porphyritic  rock,  with  plagioclastio  felspar  and  a  little 
sanidine,  glass  enclosures  being  frequent,  sometimes  forming  a  kind 
of  network.  A  pale  green,  almost  colourless  augite  is  rather  rare, 
with  remnants  of  a  strongly  pleochroic  hornblende  (a  pale  yellow, 
h  red  -  brown,  c  brown  -  red)  and  a  pale  green,  almost  colourless 
bronzite  more  abandant  than  either."  ^ 

A  specimen  from  the  south-east  side  of  Little  Ararat  is  a  porous 
bronzite-augite  andesite,  in  which  Dr.  Becke  recognises  oligoclase  or 
andeeine,  rich  in  glass  inclusions,  magnetite,  a  green  augite,  and 
'  bronzite '  in  long  thin  prisms  up  to  '06  inch. 

Chasm  of  Arguri  (Oreat  Ararat). 

Three  are  labelled  as  '*  typical  stones."  Two  of  these  (C)  are 
yellowish- brown  fragments,  obviously  rotten  lava.  The  third  (D) 
is  a  compact  darkish-grey  rock,  speckled  with  lightish-grey. 
A  slice  of  this  exhibits  only  varietal  differences  from  some  of  those 
already  described ;  the  base  is  nearly  that  of  the  specimen  A.  There 
are  crystals  of  felspar  and  of  pyroxene  as  before,  though  the  former 
are  not  quite  so  large  as  usual. 

Of  the  other  rocks  (E)  from  Arguri,  three  appear  to  be  con- 
solidated andesitio  ash  or  fine  breccia ;  three  are  lavas  in  a  very 
decomposed  condition  ;  one  is  a  slightly  porous  reddish  rock,  with 
small  crystals  of  glassy  felspar,  probably  allied  to  some  of  the 
varieties  already  described ;  and  another  is  a  similar  rock  of  a  more' 
glassy  aspect  and  deeper  red  colour,  both  the  felspars  and  the  glass 
intervals  being  slightly  larger.  ,A  slice  from  the  last  shows  the 
actual  glass  to  be  fairly  clear,  but  it  is  studded  with  very  minute, 
slightly  brown  mioroliths,  and  contains  a  large  number  of  rodlets  of 
iron-oxide.  It  exhibits  a  fluxional  structure.  The  porphyritic 
minerals  call  for  no  special  remark  except  that  the  rock  is  rather 
deficient  in  pyroxenic  constituents. 

Little  Ararat, 

Two  rocks*  (F),  one  evidently  a  grey  andesite  similar  to  those 
already  described,  the  other  pinker  in  tint,  probably  much  the  same 
kind  but  rather  decomposed  ;  it  may  be  this  rock  which  gives  the 
peak  its  dominant  violet  hue.  Microscopic  examination  shows  the 
former  to  be  a  pyroxene-andesite  with  only  insignificant  varietal 
differences  from  the  grey  rocks  already  described.  Pyroxene  is  not 
very  abundant,  but  among  it  is  augite,  perhaps  also  arablystegite. 

A  third  specimen  (G)  is  a  rock  of  generally  similar  structure,  but 
of  more  brick-red  colour.  (It  is  stated  to  give  a  pinker  tinge  to 
some  parts  of  the  peak.)    This  exhibits  some  slight  differences  under 

*  A  condensed  translation  of  the  original  description. 

*  Said  to  be  tj-pical  of  the  dominant  rock  of  the  peak. 
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the  miorosoope.      Its  base  is   %   sienna-brown   glaas,  ooDtaini 
numeroas  felspar  mioroliths,  with  some  grains  of  hemnfcitiey 
also  of  pyroxene.    In  this  are  plagioolase  felspars,  mndi  as  nsaa] 
and  some  pyroxene  crystals,  most  of  whioh  appear  to  be  aagite. 

Other  Books  from  Zditle  Ararat 

Three  speoimens  (H).  One  is  a  slightly  poroas,  dark  rook,  with 
small  crystals  of  lighter-oolonred  felspar ;  another  a  similar  rook, 
bat  a  little  more  porous,  and  the  felspar  slightly  less  conspicuous ; 
both  these  weather  an  Indian-red  colour,  and  the  latter  is  slightly 
streaked  with  that  tint.  A  third  rock  is  a  piece  of  vesionlar  sooria 
of  a  purplish-brown  colour,  weathering  red.  The  miorosoope  shows 
the  base  of  the  first  specimen  to  be  a  rather  light-brown  glass 
(containing  numerous  aoioular  mioroliths  and  grains  of  opaoite)  in 
which  are  scattered  many  felspar  crystals  of  various  sizes,  up  to 
about  0*11  inch,  the  larger  not  unfrequently  broken  and  sometimes 
full  of  glass  enclosures.  There  is  also  some  augite,  distinct  ambly- 
stegite,  and  iron -oxide.  The  larger  minerals  are  pretty  dearly  of 
a  distinctly  earlier  date  than  the  final  consolidation  of  the  rook. 
The  second  specimen  shows  only  varietal  di£ferences  from  the  other 
one ;  the  glass  is  rather  browner,  the  felspar  crystals  do  not  run 
quite  so  large,  and  augite  distinctly  predominates  over  amblystegite. 
The  arrangement  of  the  glass  enclosures  in  some  of  the  felspars 
suggests  that  they  have  been  produced  by  a  local  melting  down 
rather  than  by  inclusions  of  magma.  The  ground  of  the  red  streaks 
under  the  microscope  is  a  richer  red,  more  like  that  of  G.  These 
two  rooks  most  resemble  B,  b,  2. 

General  Remarks. 

So  far  as  we  can  infer  from  these  speoimens,  the  rocks  of  Ararat, 
considering  its  size,  exhibit  surprisingly  slight  differences.  They 
are  augite-andesites,  varying  sliglitly  in  the  nature  of  the  glassy 
base,  the  size  of  the  felspars,  the  occasional  presence  of  a  horn- 
blende, and  the  amount  of  amblystegite,  whioh  mineral,  however, 
probably  is  rarely  quite  absent.  The  larger  felspars  are  some- 
times corroded  or  broken,  and  not  unfrequently  an  outer  zone  may 
l>e  distinguished,  by  either  containing  more  enclosures,  or  being 
more  free  from  them,  or  extinguishing  at  a  slightly  different 
angle.  The  enclosures  apparently  are  of  five  types  —  (a)  small 
separate  mioroliths  or  mineral  granules,  in  some  cases  possibly 
a  pyroxene,  (h)  very  minute  belonites,  associated  in  clouds, 
(c)  minute  dust,  (d)  brownish  glass,  (e)  cavities.  Where  one  or 
more  is  conspicuous  tbis  is  noticed  above,  and  I  am  disposed  to 
regard  the  glass  enclosures  as  more  often  results  of  partial  and 
local  melting  in  a  crystal  owing  to  irregularities  of  chemical  com- 
position than  to  enclosures  of  the  original  magma. 

Aghri  Dagh, 

This  name  is  applied  to  the  range  of  which  Ararat  forms  the 
eastern  bastion,  and  sometimes  even  to  that  mountain.  It  is  nearly 
100  miles  in  extent,  its  peaks  rising  in  one  case  to  more  than 
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11,000  feet  above  aea-loTel,  and  its  paaaea  7,000  to  8,500  feet^ 
It  was  orosaed  by  a  pass  south  of  Kan  (slightly  to  the  west),  from 
^ome  part  of  whioh  these  specimens  must  have  oome  (see  vol.  i^ 
ob.  xx).    The  rooks  are  said  to  be  granite,  diabase,  eto. 

A  fidrly  ooarse  gneissoid  rock  (L,  2)  is  composed  of  quarts,  pale 
pinkish  buff  felspar,  and  a  green  mineral.  Under  the  microsoope 
"it  is  seen  to  consist  of  quartz,  felspar  (plagioclase  apparently 
firedominating),  and  a  green  chlorite.  The  rook,  on  examination 
with  crossed  nicols,  seems  to  have  been  much  modified  by  pressure, 
^Uthoagb  now  it  is  completely  cemented.  The  larger  gprains  of  quartz 
iiave  a  fragmental  aspect,  and  much  of  the  mineral  proves  to  be 
a  mosaic  of  small  grains,  with  a  slightly  streaky  arrangement. 
The  felspar  has  the  same  aspect,  and  some  of  the  crystals  are 
^breaking  up  into  a  mosaic  of  small  granular  felspars  with  a  few 
flakes  of  white  mica,  the  latter  occurring  elsewhere  in  the  slide, 
though  sparingly.  The  green  mineral  is  apparently  a  chlorite,  and 
there  are  also  two  small  garnets  and  one  or  two  zircons.  From  its 
general  aspect  I  should  consider  the  rock  to  be  very  old,  as  con- 
siderable mineral  changes  have  occurred  since  it  was  acted  upon  by 
pressure. 

Two  specimens  of  a  compact  dull  reddish-purple  rook.  It  is 
found,  under  the  microsoope,  to  consist  of  long  microlithic  crystals 
of  plagioclase  felspar  imbedded  in  a  ferrite-stained  base,  and  is  not 
in  a  good  state  of  preservation.  Probably  it  comes  near  to  the 
basalts,  and  formerly  would  have  been  called  a  melaphyre.  The 
specific  gravity  is  2-709.  A  veined  specimen  appears,  from  the 
label,  to  be  connected  with  this,  though  the  rock  itself  is  greener  in 
colour,  more  like  the  next  in  order.  The  vein  chiefly  consists  of 
calcite  and  epidote,  with  some  iron  staining. 

A  compact  dull  green  rock  (K),  slightly  veined  with  calcite, 
which  forms  jagged  ridges,  between  Kagizman  and  Karakilisa, 
running  like  walls  from  north  to  south.  Under  the  microscope  it  is 
found  chiefly  to  consist  of  two  minerals,  the  most  abundant,  green, 
probably  a  hornblende ;  the  other,  clear  and  colourless,  most  likely 
replacing  a  felspar.  Iron  -  oxides  and  some  small  sphenes  are 
present.  The  rock  may  be  named  a  diabase,  probably  forming 
dykes. 

Mr.  Lynch  brought  back  about  a  dozen  specimens  representing 
rocks  which  had  attracted  his  notice  during  the  rest  of  his  journey, 
the  majority  being  limestones  from  the  neighbourhood  of  Lake  Van. 
But  as  he  returned  to  this  district  during  his  second  journey, 
I  have  transferred  my  description  of  them  to  Mr.  Oswald,  with  the 
exception  of  two  specimens  of  a  serpentine  which  my  interest  in  that 
rock  induces  me  to  publish.  One,  with  the  label  "  On  the  road 
behind  Akhtamar  (Lake  Van),"  is  a  dark-green  serpentine  with  some 
lighter  streaks  and  with  oblique  slickeusided  surfaces,  sometimes 
partially  coated  with  cream-coloured  or  green  steatite,  giving  to  the 
specimen   a   rather  lenticular    form.      Under   the   microscope   the 

*  See  Lynch,  "Armenia,"  vol.  i,  p.  414  et  seq.,  and  vol.  ii,  p.  384. 
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serpentine  indicates  severe  orushing  (the  flaky  minerals  often 
resembling  antigorite),  and  oontains  a  few  much  altered  bastito 
orystals  and  powdered  magnetite,  more  or  less  in  streaks.  It  most 
originally  have  been  a  Saxonite,  and  in  its  present  condition  coold 
be  matched  from  several  parts  of  the  Alps.  The  other  is  labelled 
"  Erzerum-Trebizond.  Gorge  beyond  Pimakapan.  Kop  Dagfa."^ 
It  is  a  dark  rock  with  an  external  steaUtic  film,  generally  greenish- 
white,  bat  assuming  a  blue  tinge  where  very  thin.  The  speoifia 
gravity  is  2*72.  Microscopic  examination  shows  it  to  consist  of 
olivine  partially  changed  into  serpentine,  bastite,  in  parts  replaced 
by  a  mineral  with  slightly  oblique  extinction  (?  tremolite)  or  a 
minute  fibrous  one  transverse  to  and  obliterating  the  cleavages, 
magnetite  in  grains  and  occasionally  in  a  powder  (perhaps  the 
latter  sometimes  hematite).  The  olivine  is  less  altered  than  the 
bastite,  for  the  former  in  most  parts  is  only  in  the  first  stage  of 
change,  thin  strings  of  serpentine  occupying  the  cracks.  Thos  the 
rock  is  a  partially  serpentinized  Saxonite  not  materially  afiTeoted  by 
pressure. 

lY. — On  the  Age  of  tub  Qebel  Aiimab  Sands  and  Sandstone, 

THE   PeTBIFIED   FoBEST,   AND   THE   ASSOOIATED   LaVAS    BETWEEN 

Caibo  AND  Suez. 

By  T.  Barron,  A.R.C.S.,  F.G.S. 

[Published  by  permissiion  of  the  Under-Secretary  of  State  for  Public  Works,  and  the 
Director- General  of  the  Sun'ey  Department,  Egypt.] 

rilHE  geological  age  of  these  beds  has  been  the  subject  of  macb 
1  speoulatioQ  by  various  geologists.  In  1845  Orlebar^  claimed 
to  have  found  the  Gebel  Ahmar  Sandstone  at  No.  3  Station  on  the 
Old  Post  Koad  to  Suez,  overlying  Miooene  beds  containing  ScuUUa 
Zittelu  O.  Fraas^  in  1867  imagined  he  oould  trace  a  gradual 
passage  between  the  Upper  Moqattam  and  these  beds,  and  con- 
cluded, therefore,  that  they  were  of  marine  origin  and  Lower 
Oligocene  age,  as  they  had  undergone  the  same  general  earth- 
movements  as  the  Eocene  beds. 

Dr.  Schweinfurth/  discussing  the  age  and  origin  of  these  beds, 
says  that  there  are  two  reasons  for  concluding  that  they  are  not 
marine :  (1)  they  occur  at  different  levels  in  various  localities,  and 
(2)  they  rest  on  a  very  uneven  surface  which  does  not  differ 
much  from  the  present-day  relief.  Ue,  in  fact,  considers  that  the 
present-day  relief  of  the  surface  had  already  been  inaugurated 
before  these  beds  were  laid  down.  He  also  calls  attention  to 
the  resemblance  existing  between  the  Pliocene  sands  in  the  Nile 
Yalley  and  these  beds,  and  finally  groups  them  together  in  his  map 
as  (?)  Pliocene. 

*  L>Tich:  *'iVrmenia,**  vol.  ii,  p.  229. 

^  **  Some  observations  on  the  Geology  of  the  District  between  Cairo  and  Sues": 
Joum.  Hoy.  Asiatic  Soc.,  184/5. 


»  "  Aus  dem  Orient,"  1867,  pp.  157-8. 


^  ''  Geol.  Schichtengliederuu<^  d.  Mokatt^ni":  Zeitschr.  d.  Doutsch.  Gool.  GeseUs., 
1883,  p.  719  et  80(1, 
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DifloaraiDg  0.  Fraas's  yiews,  he  objects  to  the  theory  of  a  gradual 
paasage  from  the  Upper  Moqattam  into  Gebel  Abmar  beds,  because 
there  is  no  evidence  of  limestone  and  clay  in  the  latter,  and  further 
that  they  have  no  affinity  with  the  Moqattam  beds,  but  closely 
resemble  the  Pliocene  sands  at  the  foot  of  the  Moqattam.  He 
found  also  on  examining  them  that  they  did  not  overlie  the  upper- 
most beds  of  the  Upper  Moqattam,  but  in  different  places  overlaid 
different  beds  at  varying  levels.  This  to  Dr.  Schweiufurth's  mind 
was  a  proof  of  the  fresh- water  character  of  the  deposit. 

After  discussing  the  evidence  for  and  against  the  idea  that  the 
trees  in  the  Petrified  Forest  have  been  silicified  in  sitH,  he  concludes 
that  they  have  in  all  probability  been  transported  to  where  they 
now  lie,  and  subsequently  petrified.  The  reasons  adduced  are  as 
follows : — 

1.  All  the  trunks  are  horizontal ;  Figari  Bey  alone  is  reported  to 
have  found  one  erect 

2.  No  bark  has  been  observed  on  the  trunks,  therefore  they  have 
not  been  silicified  before  Ijeing  decomposed. 

3.  Many  trunks  appear  to  have  been  enclosed  in  the  sand  after 
iHicifioation. 

4.  No  branches  or  roots  have  been  found  in  the  district  near  Cairo. 

5.  Stems  have  been  found  with  only  nodes  on  them. 

This  author  points  out  that  there  is  an  absence  of  stratification  in 
the  beds,  and  concludes  that  petrification  must  have  taken  place  in 
a  series  of  basins,  because  of  the  difference  of  level  between  the 
places  at  which  the  trees  are  found. 

Professor  Sickenberger  ^  considered  the  Gebel  Ahmar  beds  to  be 
of  Miocene  age.  Professor  Mayer- Ey mar'  says  that  after  the  Lower 
Tongrian  sea  had  retired  and  the  volcanoes  had  become  extinct,  the 
country  became  covered  by  dense  forests  of  trees  for  the  most  part 
of  the  order  SterculiacesB  and  the  species  Ntcolia  jEgyptiaca,  Unger. 
Then  the  subterranean  waters,  arrested  either  by  the  Senonian  fold 
of  Ataqa-Abu  Roash  or  by  internal  volcanic  masses,  and  heated  by 
the  latter,  burst  out  to  the  right  and  left  below  the  river  of  that 
period,  and  in  the  form  of  warm  silicious  springs  bathed  the  foot 
of  the  trees  wherever  there  was  any  depression.  The  trees  were  thus 
silicified  in  situ.  According  to  this  author  the  age  of  the  Petrified 
Forest  is  later  than  that  of  the  basalt.  He  is  of  opinion  that  Gebel 
Ahmar  is  not  the  product  of  geyser  action,  that  geysers  did  not  exist, 
and  that  the  various  peaks  of  quartzite  are  in  each  case  the  product 
of  a  strong  thermal  spring. 

M.  Fourtau^  regards  Gebel  Ahmar  and  Kreibun  as  the  product 
of  true  geysers,  and  assigns  them  and  the  Petrified  Forest  to  the 
Pliocene  period. 

Dr.   Blanckenhorn  *   considers   that    geysers   such    as    those   of 

'  Three  lectures  on  the  Geology  of  Eg^-pt,  1891. 

»  Bull,  de  I'Institut  Egyption,  1893,  pp.  393  et  seq. 

'  **  Etude  geol.  sur  le  Gebel  Ahmar"  (I'Institut  Eg^-ptien,  Decembro,  1894) ;  and 
"L'age  des  Forete  petrifieea  dea  deserta  d'Egypte"  (Bull.  Soc.  Khed.  Geographie, 
eer.  v',  No.  2,  1898). 

*  "Das  Oligocan":  Zeitschr.  d.  geolog.  Gesells.,  1900,  pp.  477  and  478. 
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Tellowstoae  Park  were  not  neoenary  to  the  formation  of  Gkbd 
Ahmar  Sandstone ;  hot  iprings  were  capable  of  doing  all  that  k 
required.  He  imagines  dunea  and  marshea,  freah-water  barina  oi 
lagoons  containing  ailioa,  and  sand  whioh  was  borne  by  flnviatib 
or  seolian  agencies  and  disposed  in  an  irregular  manner  in  the 
neighbourhood  of  the  springs.  This  was  cemented  together  by  the 
silica  contained  in  the  water.  This  author  regards  the  Qebel  Ahmv 
Sandstone  as  Oligooene,  while  the  silioified  forests  he  makea  Lows 
Miocene  in  many  places. 

It  is  now  necessary  to  give  the  views  of  the  present  writer 
regarding  the  age  of  the  beds  in  question.  In  the  neighbonrhood 
of  Cairo  there  exists  an  area  covered  with  petrified  tmnka  of  trsei 
which  is  known  as  the  Petrified  Forest  These  tree-tmnka,  now 
lying  on  the  surface,  have  been  exposed  by  the  removal  of  the 
sands,  etc.,  in  which  they  were  originally  embedded.  There  ia  no 
evidence  for  the  idea  that  these  trees  were  silicified  tn  sil4;  then 
is  little  doubt  that  they  have  been  carried  thither  by  a  river  snd 
deposited  in  an  estuary  or  lagoon. 

The  beds  in  question,  if  traced  northwards,  can  be  seen  to 
disappear  under  the  thin  sheet  of  basalt  underlying  the  Lower 
Miocene  beds.  Tin's  is  the  case  in  every  place  in  this  district  where 
these  two  formations  are  seen  in  contact 

As  a  proof  that  the  silicifioation  of  the  tree-trunks  did  not  teike 
place  at  the  time  they  were  deposited,  one  may  point  to  the  entiie 
absence  of  bark  in  every  instance,  the  complete  lack  of  remains  of 
leaves  and  branches,  and  in  many  instances  the  marks  of  decom- 
position in  the  trunks  which  must  have  taken  place  prior  to 
silicifioation.  Another  proof  is  the  fact  that  the  thermal  springe 
were  subsequent  to  the  outpouring  of  the  basalt.  Evidence  of  thii 
is  seen  in  Gebel  Gafeisad  or  Agleiat  Qamr  (a  volcanic  neck),  where 
the  hard  plug  of  silica  filling  up  the  throat  of  an  old  thermal  spring 
stands  right  in  the  centre  uf  what  was  the  neck  of  the  voloana 
From  this  radiate  hard  veins  of  silioious  rock  which  are  the  in* 
filling  of  fissures  out  of  which  welled  the  warm  silicated  waters 
which  did  the  work  of  petrification. 

North  of  Der  el  136da,  the  ruined  palace  of  one  of  the  Pashas, 
there  occurs  another  volcanic  neck,  with  a  large  dyke-like  mass 
of  quartzite  running  through  it,  which  is  undoubtedly  the  result  of 
the  plugging  up  by  sand  and  colloid  silica  of  a  fissure  up  which 
the  silicated  waters  rose.  Kound  these  two  places  numerous 
examples  of  plugged  fissures  are  seeu,  while  a  certain  area  of  the 
sand  around  has  also  been  consolidated. 

To  the  north-east  of  Bir  Gendali  and  about  10  kilometres  down 
Wadi  Gendali  there  occurs  what  appears  to  be  an  injected  fissure 
out  of  which  basalt  issued  at  one  time.  Connected  with  this,  and 
standing  out  in  relief,  is  the  plug  of  a  geyser  or  very  large  thermal 
spring  opening.  Here  the  relations  between  the  basalt  and  the 
silioious  rock  are  the  same  as  those  observed  at  the  other  places 
above  mentioned,  that  is  to  say,  the  basalt  was  prior  to  the  formation 
of  the  silioious  plugs.     It  is  interesting  also  to  notice  that  in  the 
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leighboorhood  of  Toloanio  Tents  these  injected  fissures  or  pings  of 
hermal  springs  are  mach  more  numerous.  It  is  also  significant 
hat  only  in  the  neighbourhood  of  these  thermal  fissures  does 
dlioified  wood  ooour  in  abundance. 

In  the  foregoing  paragraphs  it  has  been  indicated  that  the  order 
if  anooession  of  the  beds  in  question  is,  first,  the  floating  in  and 
lepoeiting  of  the  trees  in  a  shallow  estuary  or  lagoon  ;  second,  the 
^oaring  out  of  the  basalt ;  and  third,  the  breaking  out  of  thermal 
iprings  containing  silica  in  solution  which  petrified  the  trees  in  the 
lands.  It  might  be  maintained  that  the  order  of  succession  is  not 
slaarly  preyed  between  the  basalt  and  the  thermal  springs.  To  thi» 
iie  answer  is  that  it  would  be  impossible  for  a  geyser  to  coexist 
with  an  active  volcano,  and  that  if  it  were  prior  to  the  volcano  the 
ulioa  deposited  by  it  would  have  been  dissolved  and  absorbed  by 
the  igneous  rock. 

The  history  of  these  beds  appears  to  be  as  follows : — After 
the  deposition  of  the  sands,  etc.,  containing  the  trees,  a  series  of 
earth-movements  took  place  which  culminated  in  an  outburst  of 
basalt  on  both  sides  of  the  present  Nile  Valley.  When  the  force 
of  the  outburst  had  expended  itself,  the  volcanoes,  which  had  not 
(as  far  as  one  can  see  between  Cairo  and  Suez)  poured  out  very 
Uiiok  sheets  of  lava,  became  quiescent,  earth-movements  continued 
which  threw  the  rocks  into  shallow  basins,  fractured  the  volcanic 
ne^s,  and  eventually  opened  a  way  for  the  outpouring  of  heated 
silicated  waters.  These  waters  issued  sometimes  undoubtedly  in 
the  form  of  a  geyser,  although  in  the  majority  of  cases  they  came 
out  in  the  form  of  hot  springs.  Over  the  surface  of  the  basalt  they 
flowed,  penetrating  the  cracks  and  filling  them  with  chalcedonic 
silica,  many  of  these  infillings  being  now  seen  standing  out  iti 
relief  on  the  surface  of  the  decomposed  basalt.  The  silicated 
waters  gradually  filled  up  the  basins,  and  in  process  of  time  the 
trees  which  had  already  begun  to  decay  in  the  loose  sands  in  which 
they  were  lying,  became  silicified  in  the  form  in  which  they  are 
now  found. 

Various  writers  have  asserted  that  there  were  thermal  springs 
during  Lower  Miocene  times,  but  there  is  no  evidence  for  this.  The 
remains  of  plugged  fissures  are  seen  sticking  up  in  Lower  Miocene 
deposits,  but  the  fact  that  no  alteration  of  those  beds  is  discernible, 
while  in  every  instance  where  they  occur  in  the  Oligocene  the  sands 
are  consolidated  round  them,  to  the  writer's  mind  effectually  disposes 
of  this  contention.  Dr.  Blanckenhorn  ^  makes  the  age  of  the  basalt 
on  the  east  side  of  the  Nile  Valley  to  be  Lower  Miocene,  while  he 
assigns  an  Oligocene  age  to  most  of  the  silicified  wood.  The 
ervidence  is  all  the  other  way,  and  the  onus  of  proof  rests  with  him. 
As  has  been  shown  in  a  recent  paper  by  the  writer,^  this  basalt 
underlies  in  a  discordant  manner  beds  of  Lower  Miocene  age,  and  it 
is  therefore  plain  that  the  age  of  this  lava  is  older  than  Lower 

*  Loc.  cit. 

»  Geol.  Mao.,  1904,  pp.  603-608. 
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Miocene.  Nor  is  it  likely  that  a  basalt  ontbnnt  on  one  side  of  the 
Nile  Valley  should  be  of  Lower  Oligooene  age,  while  a  similar  flow 
of  lava  on  the  other  side  is  of  Lower  Miocene  age,  yet  this  is  wbit 
Dr.  Blanckenhom  states  in  his  work  previoasly  quoted. 

From  what  has  been  said,  however,  it  would  appear  that  a  defioite 
sequence  of  events  has  been  established,  and  the  following  sammiry 
may  now  be  made  of  the  conclusions  arrived  at  by  the  writer. 

1.  The  Petrified  Forest  has  not  been  silioified  tn  Biii&,\  the  treei 
have  been  brought  from  a  distance  by  a  river  and  deposited  in 
a  shallow  lagoon  or  estuary. 

2.  The  trees  were  not  silicified  immediately  on  deposition ;  they 
lay  embedded  in  the  sands  for  some  time  and  underwent  some 
decomposition,  as  is  witnessed  by  the  total  absence  of  bark,  branches, 
and  leaves,  and  by  the  irregular  and  pitted  exterior  of  the  trunki, 
which  must  represent  the  external  condition  of  the  trees  when  the 
petrifying  waters  reached  them. 

3.  After  the  deposition  of  the  sands  in  which  the  trees  were 
embedded  had  practically  ceased,  there  was  an  outbreak  of  basalt 
which  covered  a  good  part  of  the  beds. 

4.  After  the  volcanic  action  had  ceased,  earth-movements  prodaoed 
fissures  up  which  warm  silicated  waters  rose  in  the  form  of  geysen 
and  hot  springs.  The  volcanic  necks  were  fractured,  and  eventually 
the  fissures  thus  produced  were  filled  up  by  plugs  of  quartsite  or 
chalcedonic  silica,  the  surrounding  rooks  were  thrown  into  shallow 
basins  by  two  sets  of  folds,  and  the  silicated  water  which  collected 
in  these  basins  silicified  the  trees  lying  in  the  sands. 

5.  When  the  geysers  and  hot  springs  had  died  out,  a  good  deal  of 
denudation  took  place ;  the  hard  plugs  representing  the  throats  of 
the  springs  were  left  standing  out  in  relief;  and  when  the  Lower 
Miocene  sea  (first  Mediterranean)  invaded  this  district  from  the 
north-west,  it  deposited  its  sediments  round  these  stumps  and  pro- 
duced the  appearance  which  has  led  some  observers  to  the  conolusion 
that  the  geysers  occurred  at  that  period. 

G.  The  age  of  the  Petrified  Forest,  the  Gebel  Ahmar  Sands  and 
Sandstone,  and  the  associated  lava-flows,  is  undoubtedly  Oligocene, 
as  these  deposits  fall  between  Eocene  and  Lower  Miocene  beds. 


V. — On  k  sPKOiMKN   OF  Ctstocehas  {Melocesas)  apicalk  from 
THE  Carboniferous  Limestone,  Eniveton,  Derbyshire. 

By  G.  C.  Cbicx,  F.G.S.,  of  the  British  Museum  (Xatural  Histoiy). 

(PLATE  III.) 

rpHE  specimen  which  forms  the  subject  of  the  present  oom- 
X  muuication  is  a  fragment  of  a  Nautiloid  in  the  ooUection  of 
Dr.  Wheelton  Hind,  F.G.S.,  from  the  Carboniferous  Limestone, 
Kniveton,  Derbyshire,  that  seems  to  be  referable  to  Cyrtoeerai 
(Meloceraa)  apicale.     This  species,  instituted  by  Dr.  Foord  in  1898,' 

>  ^fononjaph  of  the  Carboniferous  Cephalopoda  of  Ireland  (Palspontographical 
Society),  pt.  li,  1898,  pp.  33-36,  pi.  xi,  figs,  la,  lb,  2a,  2b,  3 ;  pi.  xii. 


L  Mag.  1905. 


Dec  V,  VoL  II,  PL  III. 


.«/77 


Mm       *wn 


Ifi-^ 


sm 


Cyrtoceras  {Meloceras)  apicale^  A.  H.  Foord. 

Carboniferous  Limestone  :  Kniveton,  Derbyshire. 


64  O.  C.  Crick — On  Cyrtoceras  from  Derbyshire. 

and  based  upon  examples  from  Sfc.  Doulagh's,  co.  Dablin,  Ireland,, 
was  oharaoterissed  as  follows : — 

''  Shell  of  moderate  size,  rather  sharply  carved  in  the  lower  third 
of  the  septate  portion,  but  becoming  almost  straight  above  this,  sa 
that  a  fragment  consisting  only  of  the  upper  two- thirds  of  the  shell 
would  scarcely  exhibit  any  curvature.  Upon  a  chord  of  38  mm. 
subtending  the  concave  side  of  the  apical  region  of  the  shell  th& 
greatest  curvature  is  5  mm.  The  rate  of  tapering  above  this  curved 
part  is  about  1 : 4,  which  is  a  rapid  increase  in  diameter.  The 
section  is  very  nearly  circular,  the  siphuncle  close  to  the  margin  of 
the  outer  curvature  of  the  shell.  The  body-chamber  considerably 
exceeds  one-third  of  the  length  of  the  entire  shell ;  its  basal  line  ia 
indicated  by  the  letters  a,  &,  in  h^,  2  of  pi.  xii,  in  which  its  obliquity 
is  very  marked,  making  an  emgle  with  the  horizontal  axis  of  the 
shell  of  about  18^.  The  septa  are  numerous,  and  being  tilted  up  in 
a  ventro-dorsal  direction  the  sutures  have  a  strong  obliquity  on  the 
sides  of  the  shell,  while  they  are  nearly  horizontal  on  the  ventral 
and  dorsal  aspects,  perhaps  with  a  slight  arching  upwards  on  th& 
dorsal  aspect  (pi.  xii,  figs,  la,  16).  The  distance  between  th& 
sutures  in  an  adult  shell  (pi.  xii,  fig.  16),  where  the  diameter  is 
about  60  mm.,  is  from  5  to  6  mm. ;  in  a  somewhat  smaller  example 
(pL  xii,  fig.  3)  the  sutures  are  4  mm.  apart  where  the  diameter  ia 
16  mm.,  6  mm.  apart  where  it  is  37  mm.  In  a  smaller  specimen 
(pL  xi,  figs.  2a,  26),  which  is  entirely  septate,  there  are  twenty-two- 
septa  within  a  distance  of  106  mm.  The  chambers  must  thus  have 
been  very  shallow.  Exactly  in  the  median  line  of  the  ventral 
aspect,  or  outer  curvature  of  the  shell,  there  is  a  straight  thread-like 
line  or  keel,  feebly  developed,  but  clearly  perceptible  when  the 
surface  of  the  cast  has  not  been  abraded ;  it  is  represented  rather  too- 
broad  in  the  figure  (pi.  xii,  fig.  16).  The  siphuncle  is  exogastric — 
that  is,  it  is  situated  close  to  the  convex  or  ventral  border  of  the 
shell;  it  is  strongly  inflated  in  passing  through  the  chambera 
(pi.  xii,  figs.  3,  4a,  46),  casts  of  it  presenting  the  characteristic 
bead-like  appearance  as  in  the  last  figures  referred  to. 

''  The  surface  of  the  shell  is  perfectly  smooth. 

*'  The  approximate  measurements  of  the  most  complete  specimen 
give  length  190  mm.,  greatest  diameter  of  body-chamber  63  mm.,^ 
diminishing  to  48  mm.  at  or  close  to  the  aperture,  and  6  mm.  near 
the  apical  extremity." 

The  specimen  in  Dr.  Wheel  ton  Hind's  collection  from  Eniveton 
consists  of  the  internal  cast  of  the  greater  part  of  the  body-chamber, 
and  of  the  ventral  portion  of  the  four  preceding  chambers  (see 
Plate  III,  Figs.  1-4,  p.  63).  The  body-chamber  has  a  mean  length 
of  73  mm.,  and  is  slightly  curved  ;  it  attains  its  greatest  diameter  at 
about  one-third  of  its  length  from  the  aperture,  the  ventro-dorsal 
and  transverse  diameters  here  being  43  and  44  mm.  respectively  \ 
it  gradually  tapers  both  towards  the  aperture,  where  its  ventro- 
dorsal and  transverse  diameters  are  40  and  42  mm.  respectively,  and 
towards  the  base  of  the  body-chamber,  which  is  imperfect  dorsally 
but  has  a  transverse  diameter  of  34  mm.     Part  of  the  aperture  ia 
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'eaerved ;  this  appears  to  have  been  simple  and  nearly  parallel 
the  base  of  the  body-chamber.  The  septa  are  obliqae,  tilted 
>  on  the  dorsal  side ;  the  chambers  are  shallow,  the  sutures  being 
•oat  o  mm.  apart  at  the  middle  of  the  veutraf  aspect,  or  outer 
trrature  of  the  shelL  There  is  no  thread-like  line  or  keel  in  the 
atre  of  the  ventral  aspeot  The  siphuncle  is  not  clearly  shown ; 
seems  to  have  been  inflated  between  the  septa  and  to  have  been 
:oga8tric,  Le.,  situated  near  the  ventral  surface  of  the  shelL  The 
st  ia  not  preserved. 

The  characters  of  the  specimen  agree  so  closely  with  Foord's 
friocera$  (Me!oeera8)  apicale  that  I  think  it  may  be  correctly 
ferred  to  that  species.  Hitherto  the  species  has  been  recorded 
dy  from  the  Oarboniferous  Limestone  of  St.  Doulagh's,  co.  Dublin.^ 
r.  Hind's  fossil  is  interesting,  therefore,  as  showing  the  occurrence 
the  species  in  this  country  also.  It  possesses  additional 
tereet  from  the  fact  that  it  partially  exhibits  the  form  of  the 
Qsonlar  attachment  of  the  animal  to  its  shell.  In  the  middle  of 
le  less  convex  (or  dorsal)  surface  of  the  body-chamber  there  are 
>rtions  of  two  elliptical  longitudinally-elongated  areas,'  each  about 
)mm.  wide  ;  they  touch  each  other  in  the  median  line  of  the 
mtral  surface  at  a  point  33  mm.  below  the  edge  of  the  aperture, 
fft  of  which  is  also  well  shown  in  this  fossil.  Their  anterior 
orders  are  23  mm.  from  the  edge  of  the  aperture ;  both  areas  are 
iperfect  posteriorly  owing  to  the  imperfection  of  the  specimen,  and 
r  the  same  reason  their  exact  position  with  reference  to  the  last 
ptnm  is  not  indicated,  but  it  is  estimated  that  the  point  at  which 
leee  two  elliptical  areas  meet  was  about  23  mm.  in  advance  of  the 
st  septum,  their  anterior  borders  being  about  10mm.  nearer  the 
argin  of  the  aperture.  These  elliptical  areas  are  evidently  the 
ipressions  (on  the  natural  internal  cast)  of  the  muscle-scars  that 
dated  on  the  internal  surface  of  the  dorsal  portion  of  the  shell. 
tie  condition  of  the  surface  of  the  specimen  prevents  us  from 
cognising  any  indication  whatever  of  the  band  connecting  these 
TO  areas  across  the  ventral  surface.  They  are  exactly  comparable 
iUi  the  muscle-scars  previously  described  in  the  genus  Amphoreopiis.^ 

EXPLANATION  OF  PLATE  III. 
Cf/rtoceras  (Meloeeras)  apieale,  A.  H.  Foord. 

o.  1. — Dorsal  aspect,  exhibiting  portion  of  peristome  or  margin  of  aperture  (a), 

and  part  of  tne  boundaries  of  the  two  muscle-scars  (sm),  U  being  (in  all  the 

figures)  the  last  septum  or  base  of  the  body-chamber. 
,     2. — Right  lateral  aspect,  showing  part  of  the  peristome  (a)  and  a  small  portion 

of  the  boundary  oi  the  right  muscle-scar  (sm), 
,     3. — ^Ventral  aspect,  showing  a  portion  of  the  margin  of  the  aperture  (a). 
,    4. — Left  lateral  aspect,  displaying  part  of  the  margin  of  the  aperture  (a)  and 

the  boundary  of  tne  left  muscle-scar  [am). 

Carboniferous  Limestone :  Eniveton,  Derbyshire. 
the  collection  of  Dr.  Wheelton  Hind,  F.G.S.    All  the  figures  are  drawn  of  about 

three-fifths  the  natural  size. 

»  A.  H.  Foord:  Mon.  Garb.  Ceph.  Ireland  (Pal.  Soc.),  pt.  ii,  1898,  p.  36. 

*  A  portion  of  the  boundary  of  each  area  ia  indicated  Dy  a  very  oDscure  feebly - 

ipressed  line. 

»  G.  C.  Crick:  Proc.  Malac.  Soc.,  vol.  vi,  pt.  3,  Sept.  1904,  pp.  134-7,  pi.  viii. 
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VI. — On  a  new  Tobtoibb  fbom  thb  Lowbb  Hbadon  Bbds  or 
HoBDWBLL,  Nicosia  bsadoxxnsis,  bp.  not. 

By  Bbqinald  W.  Hoolbt,  F.G.S. 

THE  bones  of  the  oarapaoe  and  plastron  from  whiob  this  special 
has  been  determined  were  discovered  in  a  thin  seam  of  gnj 
sand  intercalated  in  the  Mammalian  band  of  the  Lower  Headon  Beds 
at  Hordwell,  Hampshire.  They  were  Ijring  scattered  over  an  ani 
of  about  four  feet  The  broken  edge  of  the  entoplastral  and  rigbt 
hyoplastral  were  sticking  out  of  the  cliff  face.  The  sea  bad  carried 
away  the  missing  portions  of  these  bones  and  probably  those  lost  of 
the  carapace  and  plastron. 

The  illustration  is  from  a  photograph  of  an  attempted  restoration 
in  plaster.  Tlie  discovered  bones  are  shaded,  and  from  these  fhe 
missing  plates  can  easily  be  restored ;  the  portion  of  the  oanpaie 
anterior  to  the  second  neural  is  alone  doubtful. 

Of  the  plastron  the  character  of  the  hyoplastrals  is  of  conrse  okir, 
and  the  remainder  worked  out  from  its  nearest  allies.  The  oarapsoB, 
were  it  not  for  its  posterior  broadening,  would  be  very  ovoid; 
indeed,  the  line  of  the  costal  and  marginal  suture  is  quite  ovate.  It 
probably  measured  19  mm.  in  length.  It  is  well  vaulted,  with 
a  slight  depression  posteriorly  where  it  becomes  expanded.  There 
is  no  discernible  carination,  and  the  marginals  are  not  serrated. 

Of  the  carapace,  the  bones  found  consist  of  the  second,  third,  and 
sixth  neurals,  and  the  right  half  of  the  second  supra-pygaL  The 
proximal  end  of  the  second,  the  whole  of  the  third,  sixth,  seventbi 
and  eighth  costals  of  the  right,  a  piece  of  the  third,  the  entire  fooxtt 
and  sixth,  and  the  distal  end  of  the  seventh  costal  of  the  left.  The 
seventh,  eighth,  tenth,  and  eleventh  marginals  of  the  right,  and 
the  fourth,  fifth,  sixth,  eighth,  ninth,  ami  tenth  of  the  left.  Of 
the  plastron,  the  greater  portion  of  the  entoplastral,  a  small  moiety 
of  tlie  anterior  end  alone  l>eing  destroyed.  A  part  of  the  right 
hyoplastral  and  the  whole  of  the  left 

The  neurals  have  their  short  sides  placed  posteriorly.  The  second 
is  octagonal  and  the  third  and  sixth  hexagonal,  and  judging  from 
the  proximal  ends  of  the  neig)ibouring  costals  the  fourth  and  fifth 
are  hexagonal  and  also  symmetrical  with  the  third  and  sixth.  The 
surfaces  of  the  second  neural  sutures  with  the  first  costals  are  not 
on  a  plane,  but  concave,  the  left  showing  a  greater  depreasion  than 
the  right,  but  this  is  doubtless  an  individual  trait.  As  evidenced 
by  the  sulcus,  the  vertebral  shields  were  hexagonal  with  a  small 
projection  in  the  centre  of  the  anterior  margin.  The  posterior 
border  of  tlie  fifth  slopes  downwards  to  the  sulcus  on  the  eleventh 
marginal,  whence  it  apparently  crosses  the  pygal  on  the  same 
horizon.  The  vertebrals  are  nearly  as  broad  as  long,  but  compared 
with  the  costals  narrow.  The  latter  are  much  longer  than  broad. 
Tlie  posterior  marginals  are  slightly  fluted  parallel  to  their  edge. 

Tlie  plastron  is  strongly  united  to  the  carapace  by  suture.  On 
the  peventh  marginal  there  is  a  very  powerful  inguinal  buttress, 
which  from   the  prominence  of  its   ridge  at  the  marginal  snture 
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oda  on  to  the  fifth  oostaL  The  entopUstntl  bone  u  ronadad 
sriorly  and  interwotod  by  the  humeio  peotoral  suloiia  whioh 
tnea  the  plastroa  m  a  sinuaus  Iioe  The  peotoral  abdominftl 
19  tonchea  the  postenor  hyoplaitral  suture  at  the  nght  angle 
ed  with  the  median  aoture  from  here  it  gradually  aurvea 
irda  to  the  height  of  about  a  quarter  the  length  of  the  hyoplastral, 
1  it  rapidly  falls  passing  from  that  plate  at  the  point  of  aaiqo 
be  outer  and  lateral  postenor  snture  this  sulcus  beoomes 
krkably  deep  in  the  central  region  of  the  plastron,  forming 
ry  marked  feature 


bis  specimen  oomoN  within  the  family  Testudinidn  by  the 
tlete  ossification  of  the  shell,  the  imion  of  the  plastron  with 
arttpaoe  by  suture,  the  ovoid  character  of  the  oarapaoe,  and  its 
-ing  of  epidermal   shields.      Further,  from  the  neural   plates 

f  sliort-sideil  behind,  and  the  entoplnatron  intersected  by  the 
;ro-peotoral  hiiIciih,  it  may  be  referred  to  the  genus  Nieoria,  as 
iged  by  Mr.  Boulenger  in  his  Nynopsis  of  the  genera  of  this 
y  in  the  British  Museum  Catalogue  of  Chelonians,  The  second 
il  hone  anil  the  general  form  of  the  vertebral  and  costal  shields 
A  strong  resemblnnoe  to  the  recent  Nieoria  Irijaga;  but  it 
'a  in  not  having  its  fifth  neural  bone  octagonal,  and  its  sixth 
-sided  ill  front.  It  alno  diStirs  from  Nieoria  triearinata  (from 
?Iiocene  of  the  Siwalik  Hills)  iu  the  carapace  not  being  bo 
lately  oval,  in  exhibiting  no  crtrinstion,  and  in  the  form  of  the 
bral  and  costal  shields.    It  is  also  distinguished  from  iU  variety 
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sivalensts  by  the  same  obaraoters,  and  by  tbe  plaBtron  being  ocmneoM 
to  tbe  carapace  by  sutnre  and  not  by  ligament. 

Apparently  tbe  foBsil  now  described  repreaentB  a  new  speoiei;  it 
would  tberefore  be  well  to  designate  it  rfieoria  headamensis,  Thie, 
we  believe,  is  tbe  first  record  of  the  genus  from  England.  At  ths^ 
present  day  Nicorta  is  found  in  tbe  East  Indies  and  Central  iiil 
Soutb  America. 


On  thb  Signifiganoe  of  Pnkumatio  Foramina  in  Fossil  Bohk. 

IN  a  paper  ''  On  a  Pneumatic  Type  of  Vertebra  from  tbe  Lower 
Karroo  Bocks  of  Gape  Colony"  (Ann.  &  Mag.  Nat  Hiatn 
ser.  Yii,  vol.  xiv,  November,  1904,  pp.  336-344),  by  Professor  EL  6. 
Seeley,  F.B.S.,  tbe  author  makes  (on  p.  341)  some  inteiestiDl^ 
remarks  on  pneumatic  foramina  in  fossil  bones  wbiob  appear 
sufficiently  important  to  reproduce  bere: — 

'<  Doubt  bas  of  late  been  current  concerning  the  signtfioanoe  of 
pneumatic  foramina  in  fossil  bones,  and  is  put  forward  verbslly 
and  in  print  by  Professor  H.  F.  Osbom.     In  an  artide  in  tlM 
Century  Magazine  for  September,  1904,  similar  in  soope  to  th» 
lecture  given  at  Cambridge  in  August  to  tbe  British  Associatioiit 
be  enunciates  the  same  views.     Writing  of  OmithoUstes^  Professor 
Osborn  remarks: — 'Externally  its  bones  are  simple  and  solid- 
looking,  but,  as  a  matter  of  fact,  they  are  mere  shells,  tbe  walU 
being  hardly  thicker  than  paper,  the  entire  interior  of  the  bone 
having  been  removed  by  the  action  of  the  same  marvelloaa  law 
of   adaptation   which  sculptured  the  vertebras  of   its  huge  oon- 
temporaries.     There  is  no  evidence,  however,  that  these  hollow 
bones  were  filled  with  air  from  the  lungs,  as  is  the  case  of  the  bones 
of  birds.' 

<<  OmitholeBtes  is  compared  with  Cesiums,  MaUopus,  Omithammuir 
and  Aristosuchus,  It  is  known  from  the  skull,  forty-five  vertebne, 
pelvis,  and  representative  parts  of  both  fore  and  bind  limbs  of  one 
individual  (Bull.  Am.  Mus.  Nat  Hist,  vol.  zix,  p.  459).  But  from 
the  context  quoted  I  gather  that  the  author's  conclusions  should  be 
applied,  not  only  to  Omitholeetes,  but  to  the  pneumatic  vertebns  of 
the  largest  Dinosaurs,  possibly  to  all  fossil  pneumatic  bones  which 
are  not  referable  to  birds. 

**  The  current  belief  that  a  pneumatic  vertebral  column  is  evidenoe^ 
of  the  prolongation  into  the  bones  of  air-cells  from  the  lungs  is  an 
inductive  conclusion,  based  upon  the  evidence  from  the  parallel 
condition  in  the  bones  of  birds.  This  evidence  is  affirmed  by 
Professor  Osbom,  in  the  passage  quoted,  not  to  exist,  and  in  plsce 
of  it  he  offers  what  is  termed  the  '  Law  of  Adaptation '  as  having 
sculptured  these  huge  vertebr®.  I  have  met  with  no  enunciation  of 
this  law ;  and  until  it  is  explained  how  it  differs  in  physiological 
action  from  the  processes  which  sculpturo  or  excavate  the  bones  of 
birds,  it  will  be  difficult  to  judge  whether  we  are  offered  a  law,. 
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^  ioggestioii,  or  only  wordB,  for  no  law  will  produoe  anatomical 
-effects  without  oorresponding  pbysiological  circumstanoes  to  scnlpture 
the  bones. 

"  If  the  inflaenoe  of  pneumatic  pressure  produces  a  well-known 
osteological  result  in  excavation  of  a  bone  in  a  bird,  what  is  there 
in  the  vertebrsd  of  a  Dinosaur  to  suggest  that  similar  effects  have 
been  produced  by  dissimilar  causes?  And  it  would  be  interesting 
to  find  in  an  extinct  order  of  animals  evidence  that  an  agency 
naoonnected  with  the  lungs  produced  results  which  differ  from 
those  in  birds  only  in  being  the  effect  of  larger  areas  of  pressure 
acting  laterally  upon  the  sides  of  the  vertebrsd.  But  the  evidence 
that  there  was  any  essential  difference  in  the  origin  of  these 
etructures  in  Dinosaurs  and  birds  is  not  forthcoming ;  and  if  it  ever 
existed  is  lost  with  the  soft  parts  of  the  animal. 

"  Nevertheless,  cavities  are  formed  in  certain  bones  in  animals  of 
varied  organization,  which  are  not  connected  with  the  lungs  in  the 
manner  of  air-cells  of  birds,  but  they  are  chiefly  in  the  skull.  They 
are  slightly  developed  in  existing  reptiles,  but  are  most  conspicuous 
in  warm-blooded  animals.  The  skulls  of  elephants  exhibit  a 
maximum  development  of  pneumatic  cavities  which  have  no 
<x>nnexion  with  the  lungs,  and  the  texture  of  these  bones  closely 
approximates  to  that  of  cellular  vertebrae  in  some  Cetiosaurian 
Dinosaurs,  such  as  Omithop$t$  and  its  American  representatives. 
The  resemblance  between  the  mammal  skull  and  the  reptile 
vertebra  is  one  of  analogy.  There  are  no  facts  to  support  the 
inference  that  the  cause  which  expanded  the  cranial  bones  of  the 
-elephant  and  other  mammals  is  identical  with  that  which  absorbed 
and  excavated  the  bony  tissue,  but  did  not  augment  the  size  of  the 
cervical  and  dorsal  vertebrae  of  Dinosaurs.  There  is  no  basis  for 
comparison  between  the  conditions  in  mammals  and  these  extinct 
reptiles,  for  no  mammal  shows  a  pneumatic  vertebral  column  which 
can  be  compared  with  these  Dinosaurs;  and  when  a  mammalian 
vertebra  is  hollow  it  is  not  comparable,  since  there  is  no  pneumatic 
foramen. 

"  On  the  other  hand,  Dinosaurs  are  not  conspicuous  for  pneumatic 
<!avities  in  bones  of  the  skull,  and  there  are  therefore  uo  facts  to 
suggest  the  idea  that  they  might  by  analogy  develop  a  pneumatic 
vertebral  column  wliioh  was  not  connected  with  the  lungs,  even  if 
the  cranial  and  vertebral  pneumatic  structures  had  been  comparable. 

**  The  influence  of  the  lungs  as  a  whole  in  modifying  the  vertebral 
column  of  a  reptile  is  manifest  in  the  dorsal  vertebras  of  Testudinata. 
In  tortoises,  under  conditions  of  terrestrial  life,  the  lungs  have 
expanded  and  given  the  carapace  a  remarkable  elevation.  At  the 
same  time  the  neural  arches  have  become  raised,  and  the  lungs 
have  pressed  evenly  against  the  sides  of  the  centra  of  the  vertebrae 
till  they  have  become  narrowed  into  thin  plates  by  the  tissue  being 
absorbed  laterally.  But  the  lung  never  penetrates  into  the 
fiubstance  of  the  vertebra  or  excavates  holes  in  the  boues  in  existing 
reptiles  comparable  to  those  seen  in  skeletons  of  Dinosaurs, 
Omithosaurs,  and  birds. 
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*'  The  inflaenoe  of  the  lungs  on  the  vertebral  oolamn  of  a  Dinosau: 
as  distinct  from  the  air-cells  may  be,  perhaps,  inferred   from  th( 
elevated  condition  of  the  nearal  arch  and  upward  direction  o 
transverse  processes  under  which  the  lungs  extended  in  such  a  typm- 
as  DiplodocuB,  described  by  Professor  Osbom  and  the  late  Dr.  J.  B» 
Hatcher.    It  is  reasonable  to  infer  that  the  lungs  were  so  larg^  thatr 
their  intermittent  upward  pressure  stimulated  the  growth  of  th^* 
neuro-central  suture  to  form  the  high  neural  arch;    but  as  they*^ 
were  not  confined  by  an  unyielding  envelope  in  the  same  way  that 
the  carapace  confines  the  lungs  of  tortoises,  there  is  but  little  lateral 
compression  of  the  body  of  a  vertebra  as  a  consequence  of  absoqptiony. 
which  was  localized  laterally  about  the  pneumatic  foramen. 

"  All  down  the  vertebral  column  in  Diplodoeua  the  vertebrae  m^— 
excavated,  and  the  lateral  holes  were  termed  by  Dr.  Hatoher  pleoro— ' 
central  cavities.    They  have  been  well  described  in  Onufkofwii.^ 
Their  distinctive  feature  is  that  in  the  dorsal  region  the  lateral  foraminik 
expand  within  the  centrum  into  large  chambers  separated  by  a  mediaik' 
vertical  longitudinal  partition,  and  each  is  commonly  divided  inti^ 
unequal  anterior  and   posterior  parts    by  an    imperfect    vertical 
transverse  lamina  of  bone.     From  this  primary  lateral  cavity  bone- 
cells  commonly  extend  to  the  articular  faces  of  the  centrum  and 
other  parts  of  the   vertebra.      This  condition   of  the   pneumatia 
vertebrsd  is  only  dissimilar  to  that  of  birds  in  its  details.     In  no> 
existing  animals  except  birds  is  a  similar  pneumatic  structure  found 
in  the  vertebral  column,  and  it  is  only  known  in  connexion  with 
air-cells  prolonged  from  the  lungs.     There  is  no  fact  to  suggest  that 
the  lungs  themselves  were  extended  into  the  pleuro-central  cavities 
of  Dinosaurs :   such  an  idea  is  not  consisteiit  with  the  pneumatic 
condition  of  the  vertebrce  in  the  elongated  neck  and  tail.     But  with 
the  general  resemblance  to  the  condition  in  the  bones  of  birds  it  has 
been  inferred  that  the  pneumatic  pressure,  which   was  persistent 
enough  to   absorb  the  bone  locally   and  laterally,  was  greater  in 
Dinosaurs  than  in  birds,  because  the  cavities  excavated  are  larger. 
Although  this  pressure,  judged  by  its  effects,  was  most  potent  in 
the  dorsal  region  of  the  lungs,  it  also  extended  to  the  neck  and  tail, 
as  in  certain  birds.     It  is  therefore  inferred  that  no  cause  is  known 
except  prolongation  of  air-cells  from  the  lungs  into  the  bones  which 
is  capable  of  producing  these  results,  for  from  no  other  source  in  nature 
is  the  pressure  derived  which  penetrates  in  this  way  into  the  skeleton. 

"This  is  inductive  evidence  from  physiology  and  comparative 
anatomy.  In  place  of  it  Professor  Osborn  has  offered  nothing 
except  the  following  passage  : — '  The  dominating  principle  in 
construction  of  the  backbone  is  maximum  strength  with  minimum 
weight.  The  ingenuity  of  sculpture  by  which  this  is  brought  about, 
every  single  vertebra  differing  from  its  fellow,  baffles  the 
Lamarckian  as  well  as  the  Darwinian,  and  tempts  us  to  revive  the 
old  teleological  explanation.'^  Teleology  is  not  known  as  an 
element  in  science,  and  explains  nothing." 

*  Memoirs    American    Museum    of    Natural    History,  vol.  i,  part  5,  p.  193,. 
**  A  Skeleton  of  Dipiodocus.^* 
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^--OxoLOOioAL  SuBYEY  OF  Camada.  Robsst  Bsll,  M.D.,  So.D., 
LL.D.,  F.RS.  Annual  Report,  Volume  XIII :  Reports  A,  D,  DD, 
F  and  FF,  K,  L,  M  and  MM,  R,  S.  1900.  8vo ;  pp.  747,  xvii, 
15  plates,  figures,  and  8  maps.     (Ottawa :  S.  £.  Dawson,  1903.) 

IHIS  volume  is  in  the  usual  form  of  a  number  of  independent 
reports,  each  distinguished  by  a  letter  and  separately  paged, 
bioh  have  been  issued  previously  as  completed.  It  is  presumed 
refer  to  the  operations  of  the  Survey  to  the  end  of  the  year  1900, 
it  some  of  the  reports  are  based  on  observations  not  made  till  1901. 
The  first  Report  (A),  extending  to  203  pages,  contains  a  general 
mmary  of  the  Survey  work  for  1900.  It  was  drawn  up  and 
bmitted  by  the  late  Director  of  the  Survey,  Dr.  G.  M.  Dawson,  in 
unary,  1901,  and  was  probably  his  last  piece  of  official  work,  for 
I  death  took  plaoe  in  the  March  following. 

Banning  in  the  extreme  north-west  of  the  Dominion,  mention  is 
■t  made  of  the  exploration  by  Mr.  R.  0.  McConnell  of  the  valley 
the  Stewart  River  and  of  a  part  of  the  Yukon,  of  which  it  is 
tributary.  The  country  bordering  the  rivers  is  mountainous ;  the 
oka  are  of  granite,  granite-gneiss,  quartz  and  hornblende  schists, 
d  crystalline  limestones,  overlain  by  dark  siliceous  slates.  On 
a  Klondike  River  there  are  outcrops  of  soft  shales  and  sandstones 
ith  beds  of  lignite,  wbich  is  mined  for  heating  purposes.  These 
ds  are  probably  of  Tertiary  age. 

In  British  Columbia,  the  further  investigations  of  Mr.  J.  C. 
inllim,  in  the  mountainous  district  between  the  Atlin  and  Teslin 
ces,  show  that  the  rocks  are  mainly  of  quartzite,  limestone,  and 
eenstone,  whilst  at  lower  levels  there  is  a  great  thickness  of 
adfitone,  apparently  Cretaceous  in  age.  In  the  Districts  of  East 
d  West  Kootenay,  work  was  carried  on  by  Mr.  R.  W.  Brook  and 
r.  J.  McEvoy,  and  a  report  of  the  Crow's  Nest  Coalfield,  west  of 
d  summit  of  the  Rocky  Mountains,  shows  that  in  this  district 
aestones  containing  Froductua  are  succeeded  by  Cretaceous  con- 
3merates,  shales,  and  sandstones,  with  beds  of  coal,  in  an 
parently  continuous  section  5,000  feet  in  thickness. 
In  the  Mackenzie  District,  at  the  far  north,  Mr.  J.  M.  Bell 
plored  the  regions  between  the  Great  Slave  and  the  Great  Bear 
ikes,  following  the  Mackenzie  and  Bear  Rivers,  and  notes  the 
esence  of  Archsean,  Palaeozoic,  Cretaceous,  and  Tertiary  rocks. 
mnd  the  Great  Bear  Lake  tbere  are  wonderful  examples  of  old 
ore-lines  indicating  the  former  extent  of  the  lake.  In  some 
Bices  on  the  north-west  side  they  are  over  300  feet  iu  height  and 
4  miles  back  from  the  present  shore.  Near  the  shore  itself  there 
9  also  broad  beaches  and  terraces  of  pebbles  from  10  to  100  feet  in 
ight. 

In  the  Province  of  Ontario,  Mr.  Mclnnes  reports  on  the  areas 
and  Port  Arthur  to  the  international  boundary,  and  Dr.  R.  Bell 
le   present   Director)    gives   the   results   of    his    survey   of    the 
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Miohipoten  Distriot,  inoluding  a  dasoriptioii  of  the  great  maM  of 
hematite  ore  at  the  Helen  Mine. 

In  the  Provinoe  of  New  Bronswiok,  Professor  L.  W.  Bailey  hM 
determined  the  Ordovioian  and  Silurian  age  of  the  rooks  of  ttiB 
so-called  great  slate  belt,  and  he  has  also  contributed  a  sepsnto 
report  on  the  Carboniferous  System  of  this  Provinoe  with  respect  to 
the  ooourrence  of  workable  coal-beds.  The  same  subject  is  alio 
treated  by  Mr.  H.  S.  Poole,  who  arrives  at  the  conclusion  that  to 
the  north  of  the  coastal  range  there  are  no  equivalents  of  the 
productive  Coal-measures  of  Nova  Scotia,  and  that  the  prospects  of 
any  thick  seams  to  the  south  of  the  range  are  similarly  unfavourable. 

In  Nova  Scotia,  Mr.  H.  Fletcher  has  examined  the  south-western 
corner  of  the  Springbill  Coalfield  and  the  Inverness  Coalfield  in 
Cape  Breton. 

Of  the  other  reports  in  the  volume,  may  be  mentioned  that  lij 
Mr.  A.  P.  Low  on  the  barren  region  bordering  the  east  ooast  of 
Hudson  Bay,  from  Cape  Wolstenholme  to  the  south  end  of  Jamsi 
Bay.  The  northern  and  southern  portions  of  the  ooast  are  of  low, 
rounded  hills  of  gneiss  or  granite,  whilst  the  intermediate  aies 
consists  of  bold  hills,  1,000  feet  or  more  in  height,  of  granite  or 
trap.  Argillites,  greywackes,  and  cherts,  associated  with  IsrgB 
masses  of  magnetite  and  hematite,  and  overlain  by  cherty  carbonstes 
of  iron,  magnesia,  and  lime,  are  likewise  present  The  series  ii 
capped  by  limestones,  dolomites,  carbonaceous  shales,  and  sandstones. 
The  sedimentary  rocks  are  traversed  by  large  vertical  dykes  of 
diabase,  and  subsequently  by  enormous  irruptions  of  granite,  whioh 
have  considerably  altered  their  characters.  Fossil  evidence  of  their 
age  is  wanting,  but  they  are  regarded  by  Mr.  Low  as  pre-Cambrisn. 
The  geology  of  the  basin  of  the  Nottaway  Eiver,  an  extensive  r^on 
lyii^g  to  the  south-east  of  James  Bay,  or  between  the  Upper  Ottawa 
and  the  Kupert  River,  was  explored  and  partly  surveyed  by  Dr.  B. 
Bell  ill  189o-6,  and  in  a  brief  report  and  on  his  map  it  is  shown  to 
consist  largely  of  Lauretitian  gneiss  with  belts  of  crystalline  sohists, 
granites,  and  greenstones  of  Huronian  age. 

There  is  also  a  report  by  Mr.  J.  B.  Tyrrel  on  the  norih-eastem 
portion  of  the  Saskatchewan  District  and  adjoining  portions  of  the 
Keewatin.  The  greater  part  of  these  areas  is  underlain  by  Laurentian 
gneiss  and  granite  and  Huronian  schists.  Undisturbed  limestones 
of  Trenton  and  Niagara  age  overlie  the  older  crystalline  rocks,  and 
these  in  turn  are  covered  by  Pleistocene  (glacial)  clays. 

Further  reports  comprise  an  elaborate  description  by  Mr.  J.  A. 
Dresser  of  the  geology  and  petrography  of  Shefford  Mountain, 
Quebec,  illustrated  by  plans  and  figures.  The  mountain  is  con- 
sidered to  be  of  laccolitic  origin.  The  report  of  the  Section  of 
Ghemistr}'  and  Mineralogy  by  Dr.  G.  C.  Hoffmann  and  his  assistants, 
Messrs.  Wait  and  Johnston,  consists  mainly  of  determinations  of 
ores  and  rocks  of  but  little  general  interest.  The  concluding  report 
of  the  Section  of  Mines  by  Mr.  E.  D.  Ingall  and  Mr.  J.  McLeish, 
extending  to  160  pages,  principally  consists  of  statistics  of  the 
output  and  value  of  the  metals,  minerals,  and  structural  materials 
obtained  in  the  Dominion  during  1900. 
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IN   THE   HaRDANOEB   DiSTRIOT. 

IT.  C.  BBdooEB:   '*Lagfolgen  paa  Hardangerridda,"  Norges  geologiske  Under- 

sogelae,  1893. 
if.  Rbtsch,  J.  Rekstad,  and  K.  0.  Bjorltkke  :  **  Fra  Hardangervidden,"  Norgea 

geol.  U.,  1902. 
H.  XaIohol:  *'  Soldalsfjeldene,"  Norges  geol.  U.,  1903. 
J.  Rbkstah  :  **  Fra  hoifjeldstroget  melieni  Haukeli  og  Hemsedalsf  jeldene,"  Norges 

geol.  U,,  1903.     ' 

THE  Hardanger  Yidde  is  a  great  desolate  plateaa  with  an  average 
level  of  some  4,000  feet  above  the  sea,  situated  east  and  south-east 
of  the  head  of  the  Hardanger  Fjord.  It  is  dotted  over  with  patches 
of  snow,  and  one  fairly  extensive  snowfield,  the  Hardanger  Jokel, 
lies  npon  it.  A  glacier,  the  Rembesdals  Brae,  descends  from  the 
snowfield  into  a  little  mountain  lake  above  the  top  of  the  waterfall 
Bembesdalsfos,  but  though  the  scene  is  one  of  great  beauty  it  is 
seldom  visited  by  the  tourist,  the  path  being  very  tedious  and  the 
climb  ap  the  rock  near  the  waterfall  somewhat  difficult. 

No  part  of  the  Hardanger  Yidde,  indeed,  is  well  known  to  the 
foreigner,  though  there  is  a  comfortable  little  hotel  on  its  edge  just 
above  the  great  waterfall  Yoringfos,  and  a  few  English  find  their 
way  out  on  to  the  Yidde  in  search  of  sport. 

Until  recently  the  geology  of  the  district  was  almost  unknown, 
but  now  the  Geological  Survey  of  Norway  have  taken  it  in 
liand  and  several  notices  of  their  work  have  appeared  in  the 
Year  Books.  Still,  these  can  only  be  looked  upon  as  preliminary 
reports,  for  an  extension  of  the  survey  further  to  the  north  is 
required  to  clear  up  some  of  the  problems  which  have  arisen. 
In  the  Year  Book  for  1903  there  is,  too,  a  short  report  on  the 
geology  of  the  mountainous  tract  whicli  lies  around  the  Roldal 
Lake,  the  Suldals  Lake,  and  the  Hyls  Fjord,  and  this  tract  may 
fairly  be  treated  as  a  southern  continuation  of  the  Hardanger  Yidde 
District. 

The  geological  formations  found  over  the  surface  of  the  Hardanger 
Yidde  and  the  Suldals  Fjeld  are  as  follows :  — 

Glacial  axd  Recext.     Peat,  Gravel  and  Sand,  Moraines,  Moraine  D6bris,  Raised 

Terraces,  etc. 
SiLUBiAN.  ( 1 )  Mica  Schist  and  Ph yllite  with  subordinate  beds  of  limestone. 

(2)  Rlue-^ey  Quartzite. 
CAMBRLA.N.  Dark-coloured  schists  and  slate. 

Aloonkiax.  The  Telemark  Formation.     Gneiss,  Quartzite,  Hornblende 

schist. 
Archjkax.  Gneiss. 

Considerable  masses  of  igneous  rock  are  found  associated  with 
the  above  strata,  and  belong  to  at  least  three  distinct  periods — 

A.  Granite  newer  than  the  Silurian  strata  of  the  district. 

B.  Granite  which  was  intruded  between  the   date  of  the  Algonkian   and  the 

Cambrian. 

C.  Igneous  rock,  mainly  basic,  now  greatly  altered   and  folded  together  with 

the  Archxan  Gneiss. 
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Up  till  reooDtly  the  Norwegian  geologists  added  another  formation 
to  the  above  list,  plaoing  it  above  what  is  now  olassed  as  Silorian 
strata,  bat  it  seems  to  be  proved  that  the  rooks  assigned  to  that 
formation  are  in  fiEtot  masses  of  the  older  granites,  gneisses,  eto.,. 
whioh  have  been  thrust  over  the  Oambrian  and  Silurian  strata. 

The  result  of  the  work  of  the  Survey  reoorded  in  the  published 
reports  shows  that  the  geologioal  history  of  the  district  is  aomewbat 
as  follows : — 

Arehaan, 

The  green  and  white  gneiss  so  oommon  in  the  adjoining  diatriots 
is  seldom  found  here  in  continuous  masses  below  everything  else. 

Mr.  Rekstad  records  an  occurreuce  some  little  distance  eastward 
of  the  snowfield  Hardanger  J5kel  and  another  on  the  north  of  the 
mountain  Hallingskarvet.  Patches  of  the  old  gneiss  are,  however, 
common,  lying  in  or  upon  the  granite  B  in  the  above  list. 

Mr.  Bjorlykke  mentions  one  such  patch  south  of  Skjaegge  Dal 
on  the  east  of  the  Sor  Fjord.  It  lies  upon  the  granite,  and  consists 
of  greyish  compact  micaceous  gneiss,  sometimes  with  hornblende 
or  chlorite,  with  layers  of  hornblende  schist  and  also  of  a  rook  liks 
saussurite  gabbro.  In  places,  too,  there  is  gneissio  granite,  but  the 
hornblende  rock  is  the  most  common. 

The  Algonkian  or  Telemarh  FormattotL 

Bocks  whioh  are  assigned  to  this  formation  are  developed  to 
a  considerable  extent  along  the  Sor  Fjord.  They  do  not  reach  the 
head  of  the  fjord  at  Odde,  being  cut  oif  by  the  granite  B  a  little 
north  of  that  place.  Fairly  hirge  areas  of  the  Telemark  Formation 
have  also  been  found  near  Hallingskarvet  in  the  north  of  the  district 
and  near  the  Hyls  Fjord  in  the  Suldals  Fjeld.  The  formation 
consists  of  gneiss,  sometimes  fine-grained  and  passing  into  varieties 
resembling  quartzite,  of  beds  of  quartzito,  and  of  layers  of  hornblende 
schist.     In  places  conglomerate  occurs. 

Associated  with  these  rocks  there  are  on  the  Sor  Fjord  massive 
rocks  resembling  saussurite  gabbro  in  lens-  or  dome-shaped  masses. 
The  formation  is  penetrated  by  numerous  granite  veins  which  in 
places  have  been  crushed  into  lens-shaped  patches. 

The  Older  Granite. 

Both  the  ArchoBan  Gneiss  and  the  Telemark  formation  are,  in 
the  district  of  which  we  are  speaking,  to  a  great  extent  cut  out 
by  granite.  This  granite  is  older  than  the  Cambrian  and  Silurian 
rocks  of  the  district,  for  they  are  never  penetrated  by  veins  from  it. 
The  Telemark  formation,  on  the  contrary,  is  cut  by  granite  veina 
in  all  directions. 

The  granite,  according  to  Mr.  Kekstad,  often  contains  oligoolase 
as  well  as  orthoclase,  and  this  is  more  especially  the  case  in  the 
district  north  of  the  Hardanger  Jokel.  The  mica  is  usually  black, 
light  mica  only  occurring  to  a  small  extent. 

The  granite  is  frequently  porphyritic,  and  the  rock  is  usually 
more  or  less  gneiflsic,  sometimes  assuming  the  form  of  augen-gneiss. 
Pegmatite  veins  and  also  quartz  veins  run  through  it  here  and  there. 
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noladed  patches  of  basio  rock,  of  the  old  gneiss,  and  of  the 
lark  formation  are  common. 

9  granite  platform  upon  which  the  Cambro-Silurian  strata  rest 
I  of  the  striking  features  in  the  geology  of  the  Hardanger  Yidde. 
suggested  by  Mr.  Rekstad  that  this  platform  may  possibly  be 
•Cambrian  surface  of  erosion,  and  in  that  case,  as  he  points  out, 
emarkable  that  it  should  have  retained  its  horizontality  through^ 
levation  of  the  Scandinavian  highlands  and  through  the  vast 
\  which  has  elapsed  since.  It  is,  however,  possible  that  it 
>e  a  thrust-plane. 

»  surfiBLce  of  this  platform  is  usually  from  3,000  to  4,300  feet 
'  the  sea  so  far  as  the  Hardanger  Yidde  is  concerned,  and 
^uently  the  magnificent  sections  which  we  see  as  we  pass 
gh  the  valley  of  the  Qord  and  its  branches  are  in  the  granite, 
leiss,  or  the  Telemark  formation,  and  it  is  not  until  we  emerge 
the  valley  on  to  the  high  ground  of  the  Yidde  itself  that  we 
to  the  Cambro-Silurian. 

»  most  accessible  place  on  the  Hardanger  Yidde  at  which  the 
on  between  the  granite  and  the  overlying  Cambro-Silurian 
«  seen  is  the  mountain  Grytefjeld,  above  the  head  of  the- 
3dal.  If  we  mount  up  the  zigzag  path  near  the  great  waterfall 
gfos  we  see  that  mountain  before  us  when  we  emerge  from  the 
'.  Its  appearance  is  very  remarkable.  The  lower  and  main 
s  of  a  light  colour,  whilst  on  its  top  there  is  a  dark  cap.  The 
coloured  rock  is  the  granite  and  the  cap  is  the  Cambro-Silurian. 
>oundary  between  them  at  this  point  appears  to  be  a  thrust 
,  for  Dr.  Heusch  found  that  the  topmost  part  of  the  granite 
)liated  parallel  with  that  boundary. 

Bome  places  the  Cambro-Silurian  strata  rest  upon  old  gneiss  or 
Telemark  formation,  but  the  platform  usually  consists  of  granite, 
s  Suldcds  Fjeld  Mr.  Kaldhol  found  a  conglomerate  which  he 
ht  might  be  the  basement-bed  of  the  Cambro-Silurian,  but  at 
me  time  he  says  it  may  belong  to  the  Telemark  formation,  and 
he  rest  of  the  district  there  does  not  appear  to  be  any  basement 
>merate  to  the  schists. 

dlaces  there  is  at  the  bottom  of  the  schists  a  bed  of  arkose-liko 
:one,  and  in  others  a  bed  of  felspathic  quartzite,  in  each  case 
ning  flakes  and  layers  of  schist. 

The  Cambrian. 

)  Cambro-Silurian  Series  is  divided  into  three  divisions,  the 
t  of  which  is  provisionally  classed  with  the  Cambrian  and  the 
pper  with  the  Silurian.  The  lowest  division  consists  of  dark- 
'cd  schist  not  unlike  the  alum  slate  of  the  Cliristiania  district. 
>ck  gives  a  black  streak.     It  is  much  crumpled  and  contains 

quartz  eyes.  There  is  a  good  deal  of  finely  disseminated 
8,  which  gives  a  yellow-brown  colour  to  the  weathered  surface. 

not  folded  the  thickness  is  from  90  to  150  feet.  Dictyonema 
l/orme,    Eich.,    and  traces    of   some    other    fossils    have    been 

in  these  black  shales.  In  the  Suldals  Fjeld  these  black  bed* 
Dietimes  wanting. 
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The  Silurian.-^Tke  Blue-grey  Quartzite. 

On  a  great  part  of  the  Hardanger  Vidde  the  black  Cambrian 
Bohists  are  overlain  by  thiokly  bedded,  blae-grey  quartzite,  in  some 
places  associated  with  a  little  caloareons  sandstone.  It  is  traversed 
by  numerous  veins  of  white  quartz,  often  with  cavities  containing 
good  rook  crystals.  The  thickness  of  this  quartzite  varies  from 
a  few  yards  up  to  180  feet  In  some  parts  of  the  district  it  is 
absent,  and  in  the  Suldals  Fjeld  it  appears  to  be  represented  by 
a  greyish  quartzite  with  schistose  layers  on  the  bedding-planes. 
A  very  similar  blue  quartzite  is  found  in  Yaldres,  Gktnsdal,  and 
other  districts  of  Norway,  and  Professor  Brogger  suggests  that  it 
possibly  belongs  to  the  lower  part  of  Etage  3  of  the  Cambro-Silorian. 

Above  the  blue-grey  quartzite  there  is  frequently  a  bed  of  grey 
or  yellowish,  rather  fine-grained,  crystalline  limestone,  containing 
^akes  of  mica  and  chlorite;  these  flakes  become  more  and  more 
numerous  in  the  upper  part  of  the  limestone,  until  the  limestone 
becomes  a  calcareous  schist  and  finally  passes  into  the  overlying  schists. 

Professor  Brogger  suggests  that  this  limestone  may  correspond 
to  the  Orthoceras  Limestone  which  occurs  at  the  top  of  Etage  3 
in  the  Christian ia  district.  This  limestone  in  Hardanger  Yidde 
attains  a  maximum  thickness  of  about  30  feet.  Apart  from  this 
limestone  there  is  above  the  blue-grey  quartzite  a  considerable 
thickness  of  schists  of  a  very  variable  character,  as  a  rule  becoming 
ooarser-grained  in  the  upper  beds.  If  the  limestone  above  the 
blue-grey  quartzite  corresponds  to  the  Orthoceras  Limestone,  then 
these  schists  will  fall  into  Etage  4  of  the  Cambro-Silurian  System. 

The  Oreat  Thrusts. 

The  summits  of  the  district  are  ocoasionally  formed  of  the  blue- 
grey  quartzite,  since  owing  to  its  hardness  it  has  withstood  denudation 
better  than  the  schists,  but  the  tops  of  the  mountains  and  the  high 
ground  much  more  frequently  consist  of  older  and  still  harder  rocks 
which  have  been  thrust  over  the  Cambro-Silurian. 

We  have  mentioned  that  the  Cambro-Silurian  rests  upon  a 
remarkably  even  platform  of  granite  and  gneiss,  but  they  themselves 
have  been  greatly  crushed  and  folded,  and  it  is  probable  that  this 
crushing  and  folding  were  mainly  caused  at  the  time  of  the  thrust 
movements,  the  soft  schists  and  associated  beds  having  been  com- 
pressed between  the  old  rock  platform  and  the  overthrust  mass  of 
hard  granite  and  gneiss.  In  consequence  it  is  found  that,  though 
the  bottom  of  the  schists  is  so  level  a  plane,  their  top  is  often  most 
irregular,  being  puckered  and  contorted  with  the  overthrust  mass. 
The  most  accessible  place  at  which  to  study  the  relation  of  the 
overthrust  mass  to  the  other  beds  is  the  pass  between  Seljestad 
and  Breifond,  above  the  celebrated  winding  road  known  as  Horre- 
brsBkkene.     The  succession  is  as  follows : — 

1.  Overthrust  mass  of  gneiss,  granite,  etc.,  forming  the  top  of  the  mountain 

Ilorrehei. 

2.  Silurian  schists,  etc. 

3.  The  black  schists  of  the  Cambrian. 

4.  Granite,  gneiss,  etc. 
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The  OYerthrost  mass  oontains  not  only  the  oldest  granites  anci 
gneisses,  but  also  masses  of  Teleraark  formation,  and  even  some  of 
the  Gambro-Silurian  schists,  all  folded  up  together. 

These  overthrust  rocks  were  described  by  Ejerulf  under  the  name 
HoieQeldskvarts  and  by  Brogger  as  the  "  Yngre  Oneisformation/*^ 
and  the  probability  that  their  position  is  due  to  overthrusting  wa» 
not  definitely  stated  by  those  authors. 

In  the  sonth-westem  part  of  the  Hardanger  Yidde  there  i& 
a  large  area  of  the  overthrust  rock  extending  on  the  high  ground 
from  above  Odde  to  above  Roldal,  and  on  a  line  parallel  to  the 
north-eastern  boundary  of  this  tract  there  is  a  row  of  high  peaks, 
the  lower  part  of  each  consisting  of  Cambro-Silurian  and  the  summit 
of  a  mass  of  the  overthrust  rock.  Mr.  Rekstad  found  that  these 
mountains  capped  with  the  blocks  of  overthrust  rock  rest  each  in 
a  hollow  in  the  Cambro-Silurian,  for  in  every  case  he  noticed  oa 
going  round  one  of  them  the  schists  dip  on  all  sides  towards  that 
particular  peak. 

The  Younger  Granite. 

Hitherto  it  does  not  appear  to  have  been  known  that  any  of  the 
granite  in  this  district  was  newer  than  the  Cambrian,  for  though^ 
the  Telemark  formation  is  penetrated  in  all  directions  by  granite 
veins  none  have  hitherto  been  recorded  as  cutting  the  Cambro- 
Silurian. 

Mr.  Ealdhol  has  now,  however,  found  that  the  granite  of  the 
Suldals  Fjeld  is  of  two  ages,  and  on  the  south  of  the  little  lake  by 
the  Skardnut  he  noticed  granite  cutting  the  schists  and  altering  them 
into  hornfels.  In  other  places  there  are  bed-like  patches  of  granito 
in  the  schists,  in  the  neighbourhood  of  which  there  is  a  distinct 
&1se  lamination,  and  small  fragments  of  schist  occur  in  the  granite. 
This  younger  granite  is  of  medium  grain,  with  very  little  sign  of 
foliation. 

Faults. 

The  rocks  of  the  district  are  intersected  by  numerous  faults,  and 
the  influence  of  these  faults  on  the  surface  features  is  discussed  at 
some  length.  The  valleys  of  the  district  may  be  divided  into  two- 
classes:  (1)  the  wide  open  valleys  of  the  high  ground;  (2)  the 
§ord-valley8,  by  which  we  mean  the  great  valley  of  the  Hardanger 
Fjord  itself  and  its  branches.  The  bottom  of  these  fjord-valleys 
is  now  in  part  submerged  beneath  the  water  of  the  sea  and  in  part 
above  sea-leveL  In  many  cases  the  fjord- valley  has  been  excavated 
along  the  bottom  of  one  of  the  older  wide  open  valleys  of  the 
high  ground. 

The  river  Bjoreia  flows  for  many  miles  through  one  of  the  wide 
open  valleys  of  the  Hardanger  Yidde,  and  at  the  great  waterfall 
Ydringfos  it  plunges  into  a  fjord-valley,  the  Maabodal. 

In  the  Year  Book  for  1900  Dr.  Reusch  suggested  that  the  position 
of  the  waterfall  and  the  direction  of  the  Maabodal  were  due  to  faults, 
cracks,  or  lines  of  weakness  in  the  rock  in  which  the  valley  has 
been  cut ;  and  in  the  Year  Book  for  1903  Mr.  Bekstad  deaU  Y}\\.Vil\i% 
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part  of  the  valley  above  ihe  waterfiill,  giving  evidenoe  to  show 'that 
it  is  due  to  faults  running  along  both  sides  of  the  valley,  and  is 
ill  short  what  has  been  termed  a  'block  valley.'  Several  oases 
are  instanced  where  a  valley  follows  the  line  of  a  fault  Thus 
ItosBerayrnut  is  capped  by  the  Telemark  formation,  and  Mr.  Kaldh'ol 
believes  that  it  is  a  sunken  part,  a  line  of  fault  following  the  valley, 
for  the  granite  on  the  opposite  side  of  Orubbe  Dal  rises  to  about 
the  level  of  the  summit  of  Bossemyrnut.  In  the  Year  Book 
for  1902  Mr.  Rekstad  g^ves  an  example  of  a  valley  on  the  line 
of  a  fault  near  Juklevasrusten,  in  the  oentre  of  the  Hardanger 
Vidde ;  and  in  the  Year  Book  for  1903  he  gives  another  instance 
in  Gjuvedal,  a  small  valley  a  little  north  of  and  nearly  parallel  to 
the  Maabodal,  down  which  the  Bjoreia  flows. 

The  ice-marking,  perched  blocks,  moraines,  etc.,  of  the  Glacial 
Period,  as  well  as  the  raised  terraces,  receive  attention  in  these 
memoirs,  and  the  whole  work  is  well  illuRtrated  by  a  series  of 
photographs  taken  for  the  most  part  by  Mr.  Rekstad,  and  very 
satisfactorily  reproduced  both  as  plates  and  in  the  text  In  con- 
clusion, we  can  confidently  recommend  the  Hardanger  Vidde  as 
a  most  interesting  district,  not  easy  to  visit,  but  with  plenty  of 
sections,  though  not  infrequently,  judging  from  the  accounts  of  the 
surveyors,  a  critical  point  is  apt  to  be  an  inaccessible  wall  of  rock 
or  concealed  by  snow  or  talus  d6bris.  H.  W.  Moncktom. 


III. — A  Handbook  to  thr  Gboloqy  of  Cheltenham  and  Neigh- 
bourhood. By  L.  HiCHABDSON,  F.G.8.  8vo ;  pp.  xii  and 
268,  with  geological  map,  19  plates,  and  19  text-illustrations. 
(Cheltenham  :  Norman,  Sawyer,  6s  Co.,  1904.     Price  6«.  net) 

rpHE  Cotteswold  Hills  and  the  Vale  of  Gloucester  have  attracted 
L  a  large  amount  of  attention  since  Murchison  and  Lonsdale  more 
than  seventy  years  ago  made  known  the  general  structure  of  the 
district,  and  stirred  up  interest  in  the  rich  fossil-beds  of  the  Lias 
and  the  Oolites.  During  these  years  the  steady  increase  of  know- 
ledge has  been  fostered  by  the  Cotteswold  Naturalists'  Club,  which 
numbered  among  its  earlier  workers  such  men  as  H.  E.  Strickland, 
James  Buckman,  John  Lycett,  P.  B.  Brodie,  and  Thomas  Wright 

Mnrchison's  **  Outline  of  the  Geology  of  the  Neighbourhood  of 
Cheltenham,"  published  in  1834,  was  revised  and  augmented  by 
J.  Buckman  &  Strickland  in  1845;  Lycett's  Handbook  of  "The 
Cotteswold  Hills"  and  Hull's  Geological  Survey  Memoir  on  "The 
Geology  of  the  Country  around  Cheltenham  "  were  issued  in  1857; 
and  Witchell's  "  Geology  of  Stroud "  was  published  in  1882. 
A  study  of  these  works  shows  the  increasing  attention  paid  to 
the  stratigraphy  and  palaeontology  of  the  Cotteswold  Hills  and 
bordering  vales,  while  a  kind  of  climax  in  minute  subdivision  of 
the  local  strata  and  of  the  fossil  genera  and  species  has  been  reached 
in  the  later  works  by  Mr.  S.  S.  Buckman.  Inspired  to  a  large 
eixteiit  by  the  teachings  of  that  palaeontologist,  or  we  might  preferalJy 
BO}'  iiekl-palaeontologist,  Mr.  Linsdall  Bichardson,  who  is  Honorary 
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Seoretaiy  of  the  Cotteswold  Naturalists'  Field  Clab  (as  it  is  now 
termed),  has  given  us  the  latest  results  of  research  in  the  fascinating 
region  of  Cheltenham.  We  may  at  once  say  that  the  work  bean 
4dmndant  evidence  of  his  knowledge,  diligence,  and  enthusiasm. 
He  has  brought  together  the  available  material  that  bears  on  the 
geology,  and  especially  on  the  life-history  of  the  local  rocks  from 
the  Trias  to  the  Forest  Marble.  We  find  consequently  much 
information  on  the  horizons  of  fossils,  as  well  as  on  the  zones, 
which,  being  based  on  palasontological  evidence,  are  naturally  inde- 
pendent of  the  ordinary  limits  of  geological  formations.  The 
term  tone  is  used  to  imply  the  deposits  (of  whatever  character)  of 
a  particular  period  of  time ;  while  the  term  hemera  is  used  to 
denote  the  time  of  a  zone.  As  defined  by  Mr.  Bnckman  the 
hemera  is  "the  time  during  which  a  particular  species — generally 
in  Mesozoic  chronology,  of  an  ammonite — has  dominant  existence." 
With  his  aid  the  author  enumerates  29  hemene  for  the  Liassio 
series  and  16  for  the  Inferior  Oolite  series.  We  should  agree, 
however,  with  Mr.  Hudleston  in  maintaining  ''  the  chronological 
value  of  Ammonite  zones,"  and  we  prefer  to  consider  the  hemersa 
as  minor  adjuncts  of  zones. ^ 

It  is  evident  that  to  follow  the  author  much  preliminary  know- 
ledge will  be  required.  His  work  is  an  advanced  rather  than  an 
introductory  guide,  and  it  appeals  much  more  to  the  specialist  than 
did  any  of  the  handbooks  previously  published.  Thus,  in  describing 
the  zone  of  Schlotheimia  angulata  (p.  40),  he  observes  that  "  Beds 
usually  referred  to  this  zone  have  been  found  to  have  accumulated 
during  two  hemersB — the  liemereB  megasiomatos  and  marmorea,^* 
We  fail  to  find  any  explanation  of  these  two  heraersB.  There  are 
many  other  hard  nuts  for  the  student  to  crack,  if  he  be  not  specially 
instructed  in  the  vicissitudes  of  palsBontological  nomenclature.  No 
doubt  the  most  difficult  part  of  the  author's  work  has  been  to 
employ  the  latest  names  assigned  to  the  species  he  mentions. 
lliUB  Ammonites  rariconiaius  (after  three  or  four  intermediate  names) 
is  now  Eehioceras  raricostatum.  The  Opalinum-zouQ  is  duly  noted, 
but  we  are  by  no  means  sure  that  any  fossil  corresponding  to 
Ammonites  opalinus  is  now  recognized  in  the  district,  although 
included  in  the  Opalinum-zone  are  the  "  Opa/tm/orme-beds "  with 
Cypholioceras  opaliniforme. 

Here  we  may  remark  that  we  do  not  like  the  vague  name 
**  pre-planorbis  beds,"  introduced  by  the  author  for  the  Oa/rea-beds 
at  the  base  of  the  Lower  Lias.  He  finds  fault  with  the  term 
*'  White  Lias,"  but  it  is  a  useful  stratigraphical  term  for  the  Upper 
Hhaetic  beds  in  the  region  extending  southwards  from  Bath. 

The  fact  that  zonal  divisions  often  transgress  the  limits  of 
ordinary  stratigraphical  divisions  leads  the  author  to  speak  of 
a  "new  school  of  geologists"  who  give  "names  to  the  time  during 
which  the  beds  were  deposited,"  in  contrast  to  an  "  old  school  of 
geologists"  who  placed  "too  much  reliance  upon  lithio  structure." 

»  See  discustjion  in  Geol.  Mao.  for  1902,  p.  554  ;  1903,  pp.  36,  95,  141. 
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The  present  modes  of  dealing  with  geology  are  the  outcome  of 
a  gradual  growth  from  the  foundations  laid  by  William  Smith  in 
his  *'  Strata  identified  by  Organized  Fossils " ;  the  more  detailed 
study  of  the  suooession  of  life-forms  having  been  locally  initiated 
by  Strickland,  and  followed  in  ever-increasing  detail.  While  the 
two  schools  may  be  said  to  be  in  active  existence,  there  is  no  reason 
whatever  for  any  antagonism  between  them.  The  "  older  "  may  b& 
said  to  follow  the  broad  outlines  of  Smith's  grouping  into  strati- 
graphical  divisions  or  formations,  such  as  can  be  represented  oa 
geological  maps;  formations  which  indicate  certain  physical  con- 
ditions,  however  local  they  may  be,  and  the  beginnings  and  endings- 
of  which  must  have  varied  considerably  in  point  of  time.  Non& 
the  less  interesting  are  these  formations  and  their  fossils,  their 
stratigraphical  changes  and  method  of  origin;  the  part  they  play 
in  the  structure  of  the  land,  the  relations  of  the  rocks  to  the  scenery 
and  soils,  and  the  economic  applications  of  the  strata.  This  aspect 
of  geology  is  not  one  that  collectively  appeals  very  strongly  to- 
the  author,  the  above  matters  being  treated  in  a  subordinate  way 
when  dealt  with,  and  naturally  enough.  To  work  at  .the  minute 
palaoontological  and  chronological  divisions  demands  not  only  special 
knowledge  but  prolonged  and  concentrated  labour,  otherwise  the 
results  can  be  of  little  value.  The  rocks,  then  considered  rather  aa 
tombs  for  fossils,  are  not  looked  upon  with  the  same  affection  as- 
they  are  by  those  who  are  concerned  mainly  in  tracing  out  the 
physical  structure  of  a  district 

The  ''new  school/'  as  it  is  called,  is  doing  work  on  admirable 
lines.  As  Dr.  Smith  Woodward  has  remarked,  "  The  variations  of 
an  organism  in  time  and  space,  and  its  successive  migrations,  can 
only  be  ascertained  by  more  detailed  field-work  and  more  precise 
labelling  than  has  hitherto  been  customary  among  palaoontologists"  ; 
indeed,  ''a  most  exact  and  exhaustive  method  of  collecting"  is 
necessary.^  The  work  before  us  should  therefore  do  much  to- 
stimulate  further  research  on  these  lines  in  the  Jurassic  areas. 

In  considering  this  important  task  it  is  evident  that  to  meet 
the  requirements  of  both  field -geologist  and  field-palaaontologist 
two  systems  of  geological  nomenclature  are  requisite — the  one 
dealing  with  formations,  the  other  with  epochs.  In  the  new 
Guide  to  the  Fossil  Mammals  and  Birds  (British  Museum),  lately 
noticed  in  the  Geological  Magazine,  this  is  fully  recognized,  the 
author  (Dr.  Smith  Woodward)  observing,  "  It  is  just  because  rock- 
formations  in  different  parts  of  the  world  so  rarely  are  equivalent 
that  a  time-scale  is  needed  to  which  each  can  be  referred." 

We  should  not  omit  to  mention  that  the  present  author  deals 
briefly  with  the  scattered  superficial  deposits  of  the  Cheltenham 
district,  but  these  have  not  yet  been  mapped  out  in  detail,  and,  as 
he  truly  remarks,  their  history  ''remains  to  be  written."  A  fuller 
knowledge  of  the  valley  drifts  will  no  doubt  throw  light  on  the 
popular  subject  of  river-development    Meanwhile  the  subject  has 

1  Proc.  Geol.  Assoc,  toL  zriii,  p.  429. 
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beeo  ably  handled  by  Mr.  S.  8.  Baokman,  and  a  Bummary  of  his 
TiewB  18  given  in  one  of  the  ohapten,  illustrated  by  a  good  physieal 
map  and  by  an  effeetive  view  of  meanders  of  the  Biver  Coin. 

The  volume  is  illustrated  also  by  six  photographio  plates  of 
fossils,  mostly  from  the  writer's  oolleotion,  and  among  these  only 
two  ammonites  are  pictured :  Paltopleuroceraa  paeudoeostalum 
belonging  to  the  '*  spinati  hemera,"  and  lAparoceras  eaprieomu  to 
the  **  oaprioomns  hemera.'' 

We  may  repeat,  in  conclusion,  that  to  the  seriously  minded 
worker  on  the  Ootteswold  Hills  this  handbook  will  be  a  real  help 
in  indicating  the  present  knowledge  of  the  zonal  palaoontology  of  the 
district  Details  of  a  great  many  pit-sections  are  given,  accompanied 
by  some  capital  photographic  illustrations  and  sundry  diagrams ; 
theie  ace  illustrations  also  of  the  OirvaneUa  and  its  connection  with 
the  little  concretionary  nodules  of  the  Pea-Orit.  The  Appendices 
oomprise  a  short  list  of  minerals,  copious  lists  of  fossils,  and  an 
explanation  of  the  geological  map,  reproduced  from  that  of  the 
Qeologioal  Survey,  to  which  the  author  has  made  some  additions. 

H.  B.  W. 


IT.  —  Obb    Dsposits  :    ▲    Disottssioh.      pp.   90.      (New  York : 
Engineering  and  Mining  Journal,  1903.     Price  5s.  net.) 

EABLY  in  1903  two  meetings  of  the  Geological  Society  of 
Washington  were  devoted  to  a  discussion  on  the  genetic 
classification  of  ore  deposits,  in  which  several  well-known  geologists 
(S.  P.  Emmons,  W.  H.  Weed,  J.  E.  Spurr,  W.  Lindgren,  J.  F.  Kemp, 
F.  L.  Bansome,  T.  A.  Biokard,  and  G.  B.  Van  Hise),  who  have  done 
special  work  on  ore  deposits  in  connection  with  the  United  States 
Qeological  Survey,  took  part.  The  discussion  was  fully  reported  in 
the  pages  of  the  Engineering  and  Mining  Journal,  and,  together 
with  an  introductory  review,  it  is  now  reprinted  in  book  form.  An 
article  by  C.  W.  Purington  entitled  "  Observations  on  Gold  Deposits  " 
is  also  reprinted  as  an  appendix  from  the  same  journal. 

A  tentative  classification,  on  which  the  discussion  was  based,  was 
proposed  by  W.  H.  Weed,  an  outline  of  which  is  given  below. 
Other  classifications  are  proposed  by  Spurr  and  Van  Hise.  Although 
there  are  still  considerable  diversities  of  opinion,  it  is  interesting  to 
note  that  the  theory  of  '  lateral  secretion '  finds  little  or  no  favour. 
For  nearly  all  deposits  of  any  importance  an  igneous  origin,  either 
directly  or  indirectly,  is  ascribed. 

Oenetic  Classification  of  Ore  Deposits, 

1.  Igneous  (magmatio  segregations). 

A.  Siliceous  (aplite  and  quartz- veins). 

B.  Basic. 

n.  Igneous  emanations.     Deposits  formed  by  gases  above  or  near 
their  critical  point. 

A.  Contaot-metamorpbio  deposits. 

B.  Veins  (closely  allied  to  magmatio  veins  and  to  di vision  IVV 
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IIL  Famarolio  deposits.    Metallic  oxides,  etc.,  id  clefts  in  lavas. 

lY.  Oas- aqueous  (pneumato  -  hydato  -  genetic)  deposits.     Igneous 
emanations  or  primitive  water  mingled  with  ground- waters. 

A.  Filling  deposits. 

B.  Beplaoement  deposits. 

V.  Meteoric  waters  ^surface-derived). 

A.  UndergrouncL 

B.  Surficial. 

YI.  Metamorphic  deposits.     Ores  concentrated  from  older  rocks  by 
dynamo-  and  regional-metamorphism. 


Y. — Manual  of  the  Chemical  Analysis  of  Books.  By  Henry  S. 
Washington,  pp.  ix,  183.  (New  York,  John  Wiley  &  Sons ; 
London,  Chapman  k  Hall,  1904.     Price  8a.  6d.  net.) 

THE  object  and  scope  of  this  work  are  well  expressed  by  the  first 
paragraph  of  the  preface,  which  may,  therefore,  be  quoted  in 
full : — *'  The  object  of  this  book  is  to  present  to  chemists,  petro- 
legists,  mining  engineers  and  others  who  have  not  miide  a  particular 
study  of  quantitative  analysis,  a  selection  of  methods  for  the 
chemical  analysis  of  silicate  rocks,  and  especially  those  of  igneous 
origin.  While  the  publication  of  such  a  work  may  seem  superfluous 
in  view  of  the  existence  of  Hillebrand's  treatise  on  this  special 
topic,  yet  justification  may  be  found  in  the  fact  that  the  latter  is 
intended,  not  so  much  for  one  who  is  not  very  conversant  with  the 
subject,  as  for  the  practised  analyst,  to  whom  it  is  an  indispensable 
guide." 

With  the  exception  of  a  few  of  the  rarer  chemical  elements,  the 
ground  covered  is  the  same  as  in  Hillebrand's  "  Some  Principles 
and  Methods  of  Rock  Analysis  "  (Bull.  U.  S.  Geol.  Surv.,  No.  176, 
1900),  which  is  the  standard  work  on  the  subject.  Fewer  methods 
are,  however,  given,  but  these  are  described  in  greater  detail  so  far 
as  details  of  manipulation  are  concerned.  A  few  figures  of 
apparatus,  such  as  are  given  by  Hillebrand,  would  have  added  to 
the  value  of  the  book. 

While,  of  course,  it  is  of  extreme  importance  to  have  analyses  of 
rocks,  yet  it  is  still  more  important  that  these  analyses  should  be 
accurate ;  and  it  is  to  be  hoped  that  the  apparent  simplicity  of  the 
methods,  as  clearly  stated  in  the  book  in  such  minute  detail,  will 
not  lead  to  the  multiplication  of  unreliable  analyses  by  unskilled 
analysts. 


VI.— Die  Kbistallinbn  Sohiepeb.  I.  Allgemeiner  Teil.  By  Dr.  U. 
Grubenmann.  pp.  106,  with  7  text -figures  and  2  plates. 
(Berlin  :  Borntraeger,  1904.     Price  3  M.  40  Pfg.) 

fllHE  author  of  this  book,  who  is  Professor  of  Mineralogy  and 

X.     Petrology  in  the  University  of  Zurich,  has  for  many  years 

made  a  special  study  of  the  crystalline  schists  of  the  Alps,  in  which 
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«tadj  be  has  been  closely  associated  witb  Professors  F.  Becke  and 
F.  Berwertb,  of  Yienna.  Tbe  present  volume  gives  a  general 
discussion  of  tbe  subject,  based  on  pbysico-cbemical  principles. 
A  second  volume  is  reserved  for  tbe  description  of  tbe  crystalline 
scbists  of  special  areas. 

Commencing  witb  a  brief  bistorical  review  and  concluding  with 
references  to  tbe  literature,  tbe  subject-matter  is  divided  under  four 
main  headings,  as  follows  : — 

A.  Tbe  original  material  and  its  specific  characters. 

B.  Metamorphism. 

C.  Tbe  products  of  metamorphism  in  their  various  forms. 

D.  The  geological  occurrence  of  crystaUine  schists. 


YII.  —  Thb  Osbioulab  Gabbbo  at  Dehksa,  San  Diego  Go., 
Calitobnia.  By  Andrew  C.  Lawson  (Bull.  Dept.  Oeol.  Univ. 
California,  vol.  iii,  1904,  pp.  383-396.) 

A  DESCRIPTION  is  given  of  tbe  petrograpbioal  characters 
and  field  relations  of  an  interesting  type  of  gabbro  from 
California.  The  normal  type  is  a  coarse-grained  bornblende-gabbro 
witb  olivine  and  hyperstbene,  of  which  there  are  various  local 
facies,  one  being  the  orbicular  type.  The  spheroids,  which  were 
mistaken  by  the  original  finder  of  tbe  rook  for  fossil  corals,  measure 
about  six  centimetres  across.  They  consist  of  a  core  of  felspar 
surrounded  by  concentric  shells  of  radially  crystallised  olivine  and 
basic  felspar,  the  composition  of  the  whole  being  that  of  a  trootolite. 
Some  suggestions  are  offered  to  explain  the  orbicular  structure  of 
igneous  rocks,  which  though  of  somewhat  rare  occurrence  is  more 
common  in  acid  than  in  basic  rocks. 


Tin. — Yeab-Book  of  the  Soientifio  and  Leabned  Societies  of 
Gbeat  Bbitain  and  Ireland,  etc.  2 1st  Annual  Issue.  8vo. 
(London :  C.  Griffin  &  Co.,  1904.) 

IT  is  obvious  that  a  book  of  reference  of  this  nature,  after  appearing 
for  twenty-one  consecutive  years,  has  filled  a  want  The  Year- 
Book  is  thoroughly  appreciated  by  some  secretaries,  as  shown  by  the 
up-to-date  information  supplied.  There  are  still  others,  however, 
who  lag  behind.  Why,  for  instance,  has  the  Secretary  of  the 
Geological  Society  of  Glasgow  not  vouchsafed  any  details  for  two 
years?  We  also  note  that  Mr.  Monckton  is  still  put  down  as 
President  of  tbe  Geologists'  Association  of  London,  though  succeeded 
by  Dr.  A.  S.  Woodward  last  February. 

Messrs.  Griffin  &  Co.  would  add  a  piece  of  useful  information  to 
each  of  tbe  smaller  local  societies  if  they  could  obtain  from  the 
secretaries  the  last  date  on  which  a  publication  appeared.  **  Nothing 
since  1900  "  would  be  greatly  appreciated  by  librarians,  from  whom 
fiuch  information  is  frequently  sought. 
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OSOLOQIOAL  SOOIKTT  OF  LONDOM. 

L— Deoember  2lBt,  1904— J.  E.  Marr,  SaD.,  F.B.S.,  Preflident^ 
in  the  Ohair.    The  following  oommonioations  were  read : — 

1.  "  On  certain  Glenera  and  Species  of  Lyioceratidce.**  By  S.  S. 
Backman,  F.O.S. 

This  paper  deals  with  certain  specimens  sent  by  Mr.  Beeby 
Thompson  from  the  Northampton  Sands,  one  of  which  is  remarkable 
for  its  homoeomorphy  with  Phylloeeraa.  In  order  to  classify  the  series 
of  Toaroian-Aalenian  Lytoceratidse  to  which  these  species  belong 
(jurense  and  allied  groups),  it  is  necessary  to  note  that  there  is 
evidence  of  a  definite  sequence  of  phylogenetic  stages.  In  orna- 
ment there  is,  at  first,  elaboration ;  but,  later,  simplification  from 
a  costate  to  a  smooth  stage.  In  whorl-shape  there  is  a  tendency  to 
pass  from  the  primitive  evolute  to  the  involute  whorl,  the  umbilicus 
constantly  contracting.  Parallel  with  this  there  is  a  further 
tendency  to  pass  from  stout  to  more  compressed  whorls.  While 
the  Lytoceratidse  have  a  more  primitive  whorl-shape  than  the 
Phylloceratidffi,  their  lobe-line  is  more  advanced ;  and  hence,  while 
the  advance  of  the  former  produces  a  certain  external  homoeomorphy 
with  the  latter,  the  more  advanced  lobe-line  remains  a  feature  of 
distinction.  The  successive  stages  of  development  may  be  indicated 
in  terms  of  speeies,  thus :  (1)  Germaini,  (2)  iortUosum,  (3)  annulose 
species  not  yet  named,  (4)  jurense,  and  (5)  pbyllooeratoidan.  Four 
new  genera  are  described  and  two  new  species ;  three  new  names 
are  proposed,  and  one  generic  name  revised. 

2.  ''The  Leicester  Earthquakes  of  August  4th,  1893,  and 
June  2l8t,  1904."     By  Charles  Davison,  ScD.,  F.G.S. 

The  earthquake  of  1893  was  a  twin,  with  its  principal  epicentre 
between  Markfield  and  Woodhouse  Eaves,  and  the  other  near  Tugby, 
about  17  miles  to  E.  34°  S.  Its  disturbed  area  contains  about 
2,200  square  miles.  In  the  north-western  focus,  the  originatiug 
fault  hades  to  the  north-east,  and  is  probably  one  of  the  group  of 
faults  on  the  north-east  side  of  the  Chamwood  anticlinal  axis,  which 
appear  to  hade  in  the  direction  given.  In  the  south-eastern  focus, 
the  fault  hades  in  the  opposite  direction,  the  change  of  hade  taking 
place  a  short  distance  to  the  south-east  of  Leicester. 

On  June  2l8t,  1904,  two  shocks  were  felt :  the  first  a  very  slight 
one,  at  about  3.30  a.m. ;  the  second  at  5.28  a.m.  The  epicentre 
of  the  earlier  shock  was  in  the  neighbourhood  of  Markfield  and 
Oroby,  or  near  the  south-eastern  margin  of  the  north-western 
focus  of  1893.  The  second  shock  disturbed  an  area  of  about 
1,200  square  miles,  and  was  a  double  shock,  not  a  twin,  for  the  foci 
were  overlapping.  It  originated  in  a  fault  running  nearly  north- 
west and  south-east,  hading  to  the  south-west,  and  passing  a  short 
distance  from  Tugby,  and  therefore  in  all  probability  coincident  with* 
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the  fault  in  action  in  1893.  The  distance  between  the  epicentres  of 
the  earthquakes  of  1904  was  about  12  miles.  Thus,  the  foci  of  19(H 
appear  to  have  occupied  the  nearer  margins  of  the  foci  of  1893. 

3.  "  The  Derby  Earthquakes  of  July  3rd,  1904."  By  Oharlee 
Davison,  SaD.,  F.O.S. 

Although  weaker  than  the  earthquake  of  March  24th,  1903,  this 
shock,  owing  to  its  occurrence  at  3.21  on  a  Sunday  afternoon,  was 
felt  over  a  much  wider  area  (about  25,000  square  miles).  As  in 
1903,  the  earthquake  was  a  twin,  the  epicentres  being  almost 
exactly  coincident  with  those  of  that  year,  one  being  situated  near 
Ashbourne,  and  the  other,  about  6  or  7  miles  from  it,  near  Wirks- 
worth  and  Matlock  Bath.  The  impulse  at  the  south-western  or 
Ashbourne  focus  was  slightly  stronger  than  the  other,  and  took 
place  a  second  or  two  later.  The  principal  slip  was  preceded  by 
a  slighter  one  in  the  north-eastern  focus  at  2.28  p.m.,  and  was 
followed,  as  in  1903,  though  after  a  short  interval,  by  a  slip  in  th* 
interfocal  region  of  the  fault,  at  11.8  p.m. 

4.  "Twin  Earthquakes."     By  Charles  Davison,  ScD.,  P.G.S. 

In  a  twin  earthquake,  the  shock  consists  of  two  maxima  of 
intensity,  or  of  two  distinct  parts  separated  by  a  brief  interval  of 
rest  and  quiet.  In  Great  Britain  one  in  every  twenty  earthquakes 
is  a  twin,  and  our  strongest  shocks  (the  Colchester  earthquake  of 
1884,  the  Hereford  earthquake  of  1896,  etc.)  beloug  to  the  same  class. 

The  two  parts  of  a  twin  earthquake  differ  in  their  order  of 
intensity,  both  in  different  earthquakes  and  in  different  parts  of  the 
disturbed  area  of  the  same  earthquake.  The  interval  between  the 
two  parts  varies  on  an  average  from  2  to  3^  seconds ;  and,  although 
the  twin  shook  is  felt  over  a  very  wide  area  (sometimes  over  nearly 
the  whole  of  the  disturbed  area;,  there  may  exist  within  it  a  band 
(the  synkinetio  band)  in  which  the  two  parts  coalesce  and  form 
a  single  shock. 

These  phenomena  show  that  twin  earthquakes  cannot  be  caused 
by  reflection  or  refraction  of  the  earth- waves,  nor  by  the  separation 
of  the  waves  of  direct  and  transverse  vibrations,  nor  by  the  repetition 
of  the  impulse  within  the  same  or  an  overlapping  focus.  They 
must  therefore  be  due  to  impulses  in  two  detached,  or  practically 
detached,  foci ;  and  it  is  shown  that  all  the  known  phenomena  of 
twin  earthquakes  can  be  thus  accounted  for. 

In  British  twin  earthquakes  the  distance  between  the  epicentres 
varies  from  4  to  23  miles,  the  average  for  seven  recent  earthquakes 
being  between  10  and  11  miles.  As  a  rule,  the  foci  are  elongated 
approximately  in  the  direction  of  the  line  joining  them,  showing 
that  they  are  portions  of  the  same  fault.  The  foci  appear  to  be 
situated  at  different  depths,  and  in  two  cases  the  fault  probably 
changes  hade  in  the  region  between  them. 

The  existence  of  the  synkinetio  band  and  the  brevity  of  the 
interval  between  the  two  parts  of  the  shock  show  that,  when  the 
impulses  are  not  absolutely  simultaneous,  the  second  takes  place  as 
a  rule  before  the  vibrations  from  the  first  focus  have  time  to  reach 
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the  other.  Thus,  twin  earthquakes  are  dae  to  a  Bingle  generative^ 
effort ;  and  they  are  caused,  it  is  urged,  by  the  growth  of  a  crust- 
fold  out  transversely  by  a  fault.  If  the  movement  is  suoh  that  the 
anticline  of  the  fold  is  made  more  anticlinal  and  the  syndine  more 
synclinal,  the  middle  limb  will  remain  practically  undisturbed ;  sa 
that,  by  a  single  effort,  there  will  be  two  impulses  in  detached  foci 
situated  at  different  depths.  The  average  distance  between  successive 
anticlines  and  synclines  in  France  along  several  lines  lies  between 
9  and  12  miles,  which  agrees  closely  with  the  average  distance 
between  the  epicentres  of  twin  earthquakes. 


II.— January  4th,  1905.— J.  B.  Marr,  So.D.,  F.R.S.,  President,  in 
the  Ohair.    The  following  communications  were  read : — 

1.  "The  Marine  Beds  in  the  Coal-measures  of  North  Stafford- 
shire." By  John  T.  Stobbs,  Esq.,  P.G.S.  With  Notes  on  their 
PalsBontology  by  Wheelton  Hind,  M.D.,  B.S.,  F.B.C.S.,  F.G.S. 

Owing  to  the  disposition  of  the  rocks  and  other  causes,  the 

stratigraphical  position  of  the  marine  beds  can  be  located  with 

exactness  in  siiH,  and  a  large  quantity  of  material  can  be  obtained 

for  examination.    The  horizons  can  be  utilized  for  the  identification 

of  coal-seams  and  for  the  subdivision  of  the  Coal-measures,  as  they 

are  remarkably  persistent,  and  can  be  frequently  traced  not  only 

over  the  North  Staffordshire  field  but  in  adjacent  coalfields.    The 

known  horizons  at  which  marine  fossils  have  been  obtained  are  the 

following,  given  in  descending  order : — 

11.  The  roof  of  the  Bay  or  Ladv  Coal. 
10.  The  Priorafield  Ironstone  Measures. 

9.  The  Speedwell  and  Nettlebank  Bed. )  Below  the  Twist  or 

8.  The  Florence  Colliery  Band.  f     Gin  Mine  Coal. 

7.  Above  the  Moss  Coal. 

6.  The  roof  of  the  Moss  Cannel  or  Single  2-foot  Coal. 

6.  Above  the  7-foot  Banbury  Coal. 

4.  Beneath  the  4-foot  Coal  of  Cheadle. 

3.  The  Knypersley  Band. 

2.  Near  the  Crabtree  Coal  (three  horizons). 
And  also  1.  The  Weston- Sprink  Bed. 

A  map  of  the  distribution  of  these  beds  is  given,  each  one  is 
described  in  detail,  and  a  list  of  fossils  found  from  the  various 
exposures  is  tabulated.  The  Speedwell  and  Nettlebank  Bed  appears 
to  be  the  most  important  marine  bed  in  the  coalfield ;  it  is  remark- 
ably rich  in  species  and  individuals,  and  occurs  in  the  upper  portion 
of  the  true  Coal-measures.  Further,  it  proves  the  identity  of  the 
Twist  coal  of  the  Norton  area  with  the  Gin  Mine  of  Longton. 
Lithologically,  the  marine  beds  are  undistinguishable  from  the 
beds  with  which  they  are  interstratified  ;  but  the  fossils  are 
usually  in  a  good  state  of  preservation  and  not  confined  to  one 
particular  beddiug-plane ;  the  individuals  are  likewise  numerous. 
The  marine  mollusca  are,  however,  sharply  separated  from  the 
fresh-water  forms,  and  no  intermingling  occurs.  It  is  remarkable 
that  several  of  the  marine  shales  immediately  succeed  the  coal- 
seams.     A  detailed   table  of  the  beds  in   North   Staffordshire  is 
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gmn,  to  show  the  exact  position  of  the  marine  beds;  and  then 
iovend  of  the  seams  are  traced  into  the  Yorkshire,  Lanoaahixe, 
Sooth  Sta&xdshire,  and  Goalbrookdale  fields.  This  tracing  oon- 
finna  the  oonolasion  that  the  Hard  Bed  of  Yorkshire  is  to  be 
correlated  with  the  Bullion  coal  of  Lancashire  and  the  Orabtree 
soal  of  North  StidSbrdshire.  Again,  "Qreen's  marine  bed"  at 
Ashton-onder-Lyne  coincides  with  the  Gin  Mine  horizon  of  North 
Staffordshire;  and  this,  again,  with  the  Pennystone  of  South 
Stafifordshire  and  Shropshire.  Further,  the  marine  beds  indicate 
the  approximate  identity  of  the  Silkstone,  Arley  Mine,  and  Oockshead 
warns.     A  bibliography  is  appended. 

Dr.  Hind,  in  his  Notes  on  the  Palsdontology,  remarks  that  from 
the  base  of  the  Pendleside  Series  to  the  top  of  the  Coal-measores 
there  is  an  unbroken  succession  of  beds — at  one  time  marine,  at 
another  estnarine,  without  unconformity.  The  two  faunas^-one 
with  CarhoHtcolOt  Anihraeomffa,  and  ^aiaditea,  the  other  with 
Plerinopectea  papyraeeua  and  Cephalopoda  —  occur  in  irregular 
alternations,  the  two  faunas  never  mingling.  The  author  proceeds 
to  give  notes  on  the  occurrence  of  many  of  the  species,  and 
descriptions  of  some  of  them,  including  examples  not  hitherto 
known  from  Britain  and  one  new  to  science.  A  table  indicating 
the  distribution  of  the  species  throughout  the  chief  English  coalfields 
concludes  the  paper. 

2.  "The  G^eology  of  Cyprus."  By  Charles  Vincent  Bellamy, 
M.InstC.E.,  P.G.S.  With  Contributions  by  Alfred  John  Jukes- 
Browne,  B.A.,  F.Q.S. 

The  following  are  the  chief  formations  described : — 

Plbx^tocbxb.     {  |;:Sl^^dtS^roinen.tes.  )  Up  to  50  feet. 

Pliocene.        {  ^^^l^^^^'  ^'^  calcareous  Bands  |  ^^^  ^  ^^^  ^^ 

Break.  Intrusion  of  igneous  rocks. 

(  White  chalkylimestones  and  marly  chalks,  |  j^^  ^  qqq  j^ 
Idaliax  1      with  layers  and  nodules  of  nint.  )  ' 

(Oligocene).      j  Grey  and  yellowish  marls,  with  beds  of  \  ^^q  £   x 

V     gypsum.  j 

Etthraan       I  Grey    felspathic    sandstones    and    sandy )  p  .  ^qq  £^ 
(Upper  Eocene).  \     shales.  )      ' 

Break. 
Tbypaniax       I  Grey  limestones  and  dolomites ;  white  and  )  poggjijiyg  000  feet. 
(?  Cbbtacbous).    \    pink  marbles,  both  massive  and  laminated. )  ^  * 

The  Kyrenia  Mountains  form  the  northern  rampart  of  the  Central 
Plains,  and  they  rise  abruptly  to  heights  of  over  3,000  feet  from  the 
plain  to  the  south  and  the  sea  to  the  north.  They  are  composed 
of  rooks  tilted  into  a  vertical  position,  much  altered  by  compression 
and  intrusion,  and  are  devoid  of  fossils.  They  are  referred  by 
Professor  Gaudry  to  the  Cretaceous  Period,  and  are  compared  by 
him  with  the  Hippurite  Limestones  of  Attica.  They  are  pierced  and 
marmorized  by  igneous  rocks  of  quartz-felsite  type.  In  some  places 
they  are  schistose.  Similar  rocks  are  found  in  the  extreme  south- 
west of  the  island. 
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The  EyihrsBan  rooks  attaiQ  a  great  development  along  the  soathem 
side  of  the  Eyrenian  Mountains.  They  are  based  on  breocias  and 
conglomerates  made  up  of  fragments  of  the  Trypanian  Limestones, 
and  are  thus  probably  unconformable.  No  fossils,  except  a  few  small 
tests  of  Olohigerina  and  a  few  fragments  possibly  of  shells,  have 
been  found  in  this  series,  which  consists  entirely  of  volcanic  debris 
embedded  in  a  calcitic  matrix,  like  the  '  Macignos '  of  Italy. 

The  Idalian  Series  appears  to  rest  conformably  on  the  last  The 
gypsum  beds  are  largely  developed  in  the  south  ;  the  white  chalky 
marls  and  limestones  extend  over  nearly  one-half  of  the  island, 
and  are  always  conspicuous  from  their  intense  whiteness.  Fora- 
minifera  are  abundant,  and  other  fossils  have  been  found  which 
indicate  that  the  beds  are  mainly  of  Oligocene  age. 

Igneous  rocks  are  most  conspicuous  in  the  centre  of  the  island, 
forming  a  mass  of  mountainous  ground.  They  are  intrusive  into 
the  formations  already  mentioned.  The  rocks  include  augite-syenite, 
rhyolite,  liparite,  olivine-dolerite,  basalt,  augitite,  and  several  varieties 
of  serpentine.  Oonsiderable  metamorphism  and  much  jasperization 
occur  in  association  with  them. 

While  most  of  the  older  sediments  were  formed  in  deep  water, 
the  fauna  of  the  Neogene  rocks  is  that  of  shallow-water  deposits. 
Miocene  rooks  have  only  been  recognized  in  the  south-east  of  the 
island.  The  Pliocene  strata  lie  in  horizontal  or  slightly  inclined 
beds,  resting  unoonformably  upon  all  older  rocks.  The  Pleistocene 
rocks  comprise :  (I)  Littoral  limestones  and  pebble-beds,  (2)  soft 
shelly  sands,  (3)  inland  surface-conglomerates,  (4)  cave-earths,  and 
(5)  alluvial  deposits.  The  cave-earths  have  yielded  Hippopotamus 
minutus  and  Elephas  Cypriotes  to  Miss  D.  M.  Bate.  An  account 
of  the  chief  economic  mineral  products  of  the  island  is  given, 
including  the  marbles,  clays,  limestones,  gypsum,  building-  and 
paving  -  stones,  road  -  metals,  metalliferous  minerals,  pozzuolana, 
terre  -  verte  ;  and  a  note  on  the  springs,  salt  lakes,  and  soils. 
Descriptions  of  some  of  the  rocks,  a  note  on  the  Miocene  rocks, 
and  a  sketch  of  the  physical  history  of  the  island  are  contributed 
by  Mr.  Jukes- Browne. 


Ill— January  18th,  1905.— J.  E.  Marr,  ScD.,  P.R.S.,  President,  in 
the  Chair.     The  following  communication  was  read  : — 

"On  the  Geology  of  Arenig  Fawr  and  Moel  Llyfnant"  By 
William  George  Feamsides,  M.A.,  F.G.8. 

This  paper  contains  a  detailed  description  of  the  succession  of 
beds  in  Sedgwick's  typical  area  of  development  of  his  Arenig 
Series.     The  following  beds  are  described  : — 

Or  this  limestone. 

Thin  ashy  shales. 

Upper  ashes  of  Arenig  and  Llyfnant. 

Daliawr  shales,  with  graptolites  apparently  of  the  IHdymograptut  Murehitoni  zone. 

Upper  platy  ashes,  passing  down  into : — 

Agglomerate. 

Lower  platy  ashes. 
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Dii^fWMprapiut  hifidut  beds :  bine  shales  with  ocasional  ashefl,  passes  down  into : — 

i>.  hirundo  beds :  dark  calcareous  shales,  with  some  ashes. 

Caipwtene  ashes,  with  some  calcareous  material  and  occasional  shaly  beds. 

D.  baltieui  flags,  quartzose  flags  with  shaly  partings. 

Basal  grit 

Unoonformity. 

Shvmsrdia  shales,  passing  down  into  i — 

AMphslius  flags. 

B^Utrophan  bras :  hard  shales,  with  Paraholinella  Salter*  in  upper  part. 

Felturm  beds,  with  Ifiohe  and  Ptiloeephalm  near  the  top,  and  JPitliura  abundant  in 
the  middle  part.   These  are  separated  by  thin  beds  with  Orthia  lenticular  it  from : — 
TkrabdifM  beds,  with  P.  tpinulota. 

The  nncoaformity  marks  the  base  of  the  Arenig  Series.  The 
Orikis  limestone  yields  Lower  Caradoc  Sandstone  forms,  and  dips 
beneath  the  great  Black  Shale  Series,  which  occupies  the  adjoining 
belt  of  country. 

The  author  discusses  the  relationship  of  these  divisions  to 
eonesponding  beds  of  other  areas.  He  gives  a  description  of  the 
intrusive  igneous  rocks,  and  some  account  of  the  structure  of  the 
district  and  the  nature  of  its  glaciation. 


CAVITIES    IN    CRYSTALLINE    ROCKS. 

Sib, — The  cavities  in  the  granite  of  Madagascar,  described  by  the 
Rev.  R.  Baron  in  your  January  number,  appear  to  be  even  more 
remarkable  than  those  in  Corsica  and  Portugal.  But  his  explana- 
tion, though  very  ingenious,  is,  I  think,  attended  by  difficulties  of 
its  own.  Between  the  ordinary  drusy  cavities  and  these  large 
smooth  hollows  the  gap  seems  wide  and  incompletely  bridged  by 
any  of  comparatively  small  size.  Also,  might  we  not  expect  that 
such  hollows  would  sometimes  be  cut  into  by  quarrying,  and  then 
have  attracted  notice  ?  I  cannot  remember  to  Lave  read  of  their 
occurrence,  and  have  never  met  with  anything  of  the  kind,  though 
I  have  been  in  several  quarries,  including  the  one  mentioned  at 
Ajaccio  it8el£  Again,  several  of  these  hollows  at  that  place  occur 
rather  as  depressions  on  the  surface  of  a  block  than  as  holes  in  it, 
and  in  positions  unfavourable  to  the  idea  that  any  fairly  thick  slice 
has  been  removed  from  the  rock  in  comparatively  recent  times. 
Of  such  the  cavity  represented  on  p.  390  of  the  Geol.  Mao., 
August,  1904,  may  serve  as  an  example,  and  I  remember  others 
in  similar  positions  on  the  slope  behind  Ajaccio.  Moreover,  as  the 
granite  is  generally  in  good  preservation,  showing,  as  Mr.  Baron  also 
remarks,  only  a  little  surface-decomposition,  it  must  be  weathering 
away  slowly,  and  it  is  rather  surprising  to  find  the  cavities  retaining 
their  superficial  glaze.  His  description,  however,  seems  to  exclude 
the  explanation  of  sand  blast,  and  makes  that  of  water  corrosion 
still  more  difficult.  But  a  serious  objection  to  his  own  hypothesis 
has,  I  think,  been  overlooked.     At  least  one  of  the  cavities  described 
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by  my  friend  Mr.  Taokett  was  not  in  granite  bat  (as  described  by 
myself  on  p.  12  of  last  year's  volnme)  in  a  rock  which  was  more- 
nearly  allied  to  the  pyroxenites  and  bore  eveiy  appearance  of 
having  bad  the  structure  completely  altered  by  pressure,  which 
should  have  destroyed  any  pre-existent  cavities.  Thus,  though 
deeming  myself  fortunate  in  having  elicited  such  an  interesting 
contribution  to  the  discussion,  I  do  not  yet  see  my  way  to  adopting 
his  explanation  of  the  difficulty.  T.  G.  Bonnxy; 


THE  EASTERN  GNEISSES  OF  THE  SCOTTISH  HIGHLANDS. 

SiH, — Mr.  G.  Barrow's  paper  on  the  Moine  Gneisses  of  the 
Highlands  (Quart.  Joum.  GeoL  Soc.,  November,  1904)  revives 
memories  of  old  controversies.  In  1883  I  gave  reasons  (Q.J.G.S., 
pp.  355-414)  for  believing  that  the  thin-bedded  gneisses  east  of  the 
line  of  the  great  overthrust  were  older  than  the  Assynt  Series  (now 
proved  to  be  Cambrian),  and  I  proposed  to  call  them  'Caledonian.'' 
Professor  Lapworth's  brilliant  work  on  the  dynamo-metamorphism 
of  the  Highland  region  quickly  followed,  and  it  suggested  the 
possibility  that  the  Eastern  Gneiss  was  a  milange  of  rocks  of 
different  kinds  and  ages  which  had  been  rolled  out  in  the  earth- 
mill.  However,  the  researches  of  the  Geological  Survey  seem  to 
have  rehabilitated  my  original  contention,  since  they  lead  to  the 
conclusion  that  these  gneisses,  in  the  words  of  Dr.  Home,  "  repre- 
sent sediments  of  siliceous  and  argillaceous  type."  Sir  A.  Geikie 
in  1891  proposed  the  name  *  Dalradian '  for  the  gneisses  and 
associated  rocks  of  the  southern  Highlands;  but  these  are  now 
correlated  by  the  Survey  with  the  Moine  Gneisses  of  the  north- 
west, that  is,  with  my  Caledonian.  1  held  that  these  rocks  were 
pre-Cambrian,  but  newer  than  the  Hebridean;  and  this,  1  under- 
stand, is  the  view  which  Dr.  Home  is  disposed  to  adopt,  when,  in 
the  debate  on  Mr.  Barrow's  paper,  he  points  out  resemblances 
between  them  and  the  pre-Torridonian  schist  north  of  Loch  Maree. 
If  therefore  any  name  is  to  be  given  to  these  eastern  gneisses, 
I  respectfully  submit  that  'Caledonian'  has  priority  over  'Dalradian/ 

Mr.  Barrow's  memoir  suggests  another  point.  In  my  papers  on 
the  "Crystalline  Rooks  of  Malvern"  (1887-1893),  I  contend  that 
black  mica  is  produced  from  chlorite.  This  view  was  received 
with  opposition.  The  peaceful  pages  of  the  Geological  Maqazinit 
resounded  with  the  weighty  artillery  of  the  late  Lieut-General 
MoMabon  thundering  against  "The  Rape  of  the  Chlorites."  I  de- 
clined to  surrender,  and  now  I  am  supported  by  Mr.  Barrow,  who 
remarks  (p.  414)  that  "  A  striking  feature  of  the  grey  gneisses  is 
seen  in  the  films  of  felted  biotite,  derived  from  original  clastio 
chlorite  .  .  .  ."  If  chlorite  is  changed  to  biotite  in  Scotland, 
why  not  at  Malvern,  where  too  the  associated  acidic  and  basic  rocks 
readily  account  for  the  necessary  potash  and  iron-oxide  ?  Since  my 
heresy  receives  such  respectable  support  it  would  seem  to  be  worthy 
of  reconsideration.  C.  Callaway. 

Cheltenham. 

December  27M,  1904. 
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THE   DATE   OF   THE  WOEDS    "ALTERED   DEVONIAN"    ON   THE 
OLD  GEOLOGICAL  MAP  OF  SOUTH  DEVON. 

But, — Yoar  reviewer  has  raised  the  iDteresting  question  as  to 
the  date  when  the  words  "  Altered  Devonian  "  were  placed  on  the 
old  Ordnanoe  Survey  Map  of  Devonshire  of  1809. 

Ab  the  Devonian  system  was  only  constituted  in  1839  it  must 
have  been  at  or  after  that  time.  As  De  la  Heche's  Beport  was 
published  in  the  same  year  all  his  work  for  the  Report  was 
oompleted  before  the  term  Devonian  had  come  into  use. 

1  venture  to  suggest  the  possibility  that  the  term  "  Altered 
Devonian/'  whenever  inserted,  was  not  intended  to  apply  to  the 
metamorphic  schist  series  but  to  the  rocks  immediately  north  of 
them,  which,  on  the  shores  of  Start  Bay,  are,  I  believe,  universally 
admitted  to  be  more  or  less  altered.  It  seems  impossible  that 
De  la  Beche  would  ever  have  applied  the  term  to  the  metamorphic 
Kdiists  further  south,  as  he  spared  no  opportunity  to  indicate  his 
oonviotion  that  the  latter  were  entirely  distinct.  De  la  Beche  in 
his  Report  describes  the  different  formations  in  successive  chapters 
according  to  age.  The  schists  are  described  in  the  chapter  preceding 
that  allotted  to  the  grauwacke ;  and,  in  the  epitome  of  contents,  the 
superior  antiquity  of  the  schists  is  indicated  without  the  shadow 
of  doubt  A.  R.  Hunt. 

January  14M,  1905. 


GEOLOGY  OF  TEE  KINGSBRIDGE  AND   SALCOMBE  DISTRICT. 

Sib, — In  a  somewhat  lengthy  notice  of  the  Geological  Survey 
Memoir  on  the  "Geology  of  the  Country  round  Kingsbridge  and 
Salcombe,"  which  appeared  in  your  last  issue  (January,  1905,. 
pp.  26-37),  on  p.  32  we  read:  "The  general  strike  of  the  green 
schist  zone,  where  the  two  bands  coalesce  to  form  one,  would  seem 
to  be  approximately  north-west  and  south-east  This  direction  is 
oblique  to  the  general  strike  of  the  Devonians  on  the  north,  and, 
taken  in  conjunction  with  the  fact  that  the  eastern  half  of  the 
Metamorphic  boundary  consists  of  green  schists  and  the  western 
half  of  mica-schists,  seems  to  point  to  a  considerable  difference  of 
orientation  in  the  two  systems.  Yet  the  author  fails  to  trace  any 
evidence  of  pre-Devonian  disturbance." 

The  general  strike  of  the  green  schist  zone  here  referred  to  merely 
applies  to  about  a  mile  of  country  between  the  Moult  and  Marl- 
borough (see  pp.  38-39  of  the  Memoir),  where  the  flattening  out  of 
the  great  mica-schist  anticline  of  the  Start  in  a  series  of  minor 
folds  allows  the  southern  band  of  green  schist  to  coalesce  with  tlie 
northern  band  which  all  along  its  range  is  conformable  in  strike 
to  the  general  strike  of  the  Devonian  rooks.  The  green  schists  are 
thrown  out  along  a  series  of  small  east  and  west  folds  on  the  west 
of  the  Salcombe  estuary,  and  it  is  owing  to  this  circumstance,  and 
not  to  any  difference  of  orientation,  that  mica-schists  are  in  contact 
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tvitb  Devonian  on  the  west  of  the  estuaiy.  The  maps  bear  out  the 
above  statements,  and  will  show  that  the  term  band  was  not  intended 
to  mean  a  oontinaoas  ontcrop. 

Mr.  Teall's  description  of  the  original  oharaoter  of  the  Metamorpbio 
rooks  and  their  likeness  to  Devonian  sediments  and  igneous  rooks 
associated  therewith  is  a  faot  which  deserves  more  consideration 
than  the  writer  of  the  review  seems  inclined  to  g^ve  to  it  As 
regards  my  own  opinion  as  to  the  true  boundary  of  Hope,  that 
would  depend  on  the  acceptance  of  one  view  or  the  other,  and  to 
the  age  of  the  Metamorpbio  or  metamorphosed  rocks.  Cogent  facts 
are  wanted,  not  opinions,  and  I  am  not  prepared  to  enter  anv  horse 
to  win  with.  Certainly  if  I  were  I  should  not  consider  a  plication 
of  such  magnitude  as  to  repeat  the  Middle  Devonian  at  Hope,  a  feat 
of  legerdemain  on  the  one  side,  or  the  repetition  of  similar  conditions 
of  deposit  and  of  vuloanicity  in  the  same  area  at  widely  different 
geological  times,  an  impossibility  on  the  other. 

To  be  a  strong  partisan  saves  a  good  deal  of  troublesome  in- 
vestigation. Although  no  one  can  fail  to  see  that  the  acceptance 
of  an  ancient  series  in  the  extreme  south  of  Devon  would  be 
a  convenient  way  of  accounting  for  any  extra  disturbance  in  the 
Devonian  rocks,  the  evidences  of  such,  if  present,  are  insufficient  to 
afford  material  support  to  the  pre-Devonian  hypothesis. 

W.  A.  E.  USSHKB. 


•  DEUTOZOIC 

Sib, — When  I  used  the  word  *Deutozoic'  I  took  it  for  granted  that 
most  of  the  readers  of  the  Geoloqioal  Magazine  knew  that  the 
illustrious  geologist  who  introduced  the  longer  (and,  etymologically, 
more  correct)  term  'Deuterozoic'  had  publicly  sanctioned  the  employ- 
ment of  the  word  in  its  shortened  form.  J.  O.  Goodohild. 

Royal  Scottish  Museum. 
January  Sth,  1905. 


ON  THE  TERM  *DEUTEROZOIC.' 

Sib, — The  earliest  work  in  which,  to  my  knowledge,  the  word 
Deuterozoic  is  employed  is  Page  &  Lap  worth's  **  Introductory 
Text-book  of  Geology,"  12th  edition,  1888,  pp.  132,  133  (see  also 
pp.  127,  129,  179,  aud  187  of  same  work).  It  includes  the  upper 
division  of  the  Palsdozoic,  i.e.  Old  Bed  Sandstone,  or  Devonian, 
Carboniferous,  and  Permian.  The  lower  division  of  the  Palsdozoio 
is  termed  Proterozoic,  and  comprises  the  Cambrian,  Ordovician,  and 
Silurian  formations. 

These  terms  Proterozoic  and  Deuterozoic  do  not  seem  to  have  taken 
hold,  and  have  been  neglected  and  forgotten  except  perhaps  by 
Lapworth.  I  do  not  find  any  mention  of  them  in  any  earlier 
geological  work.  In  Lapworth's  **  Intermediate  Text-book  of 
Geology,"  1899,  he  writes  (p.  167) :— 

"  By  others  [i.e.  other  geologists]  the  Paleozoic  itself  is  divided 
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in  the  same  way  as  the  Neozoio  into  two  periods :  (a)  the  Frotozoic 
nr  Pr^terotoie  {Qr.proioa,  first),  including  the  Cambrian,  Ordovioian, 
and  Silurian;  and  (b)  the  Deutozoic  or  Deuierozoic  (Gr.  detUeros^ 
leoond),  embracing  the  Devonian,  Carboniferous,  and  Permian." 

Curiouslj,  however,  in  the  late  Professor  Giimbel's  **  Qrundziige 
der  Geologie,"  which  came  out  in  parts  (and  the  full  volume  in 
1888),  on  pp.  527-529  the  transition  series  is  placed  in  the  following 
three  sabdivisions : — 

I.  Cambrische  or  Proterozen  System  {Paradoxides  period). 
IT.  Silar  or  Deuterozen  System  (Graptoliten  period). 
IIL  DeTon  or  Tritozen  System. 

I  think  Giimbers  employment  of  these  terms  must  have  beeii> 
published  before  the  12th  edition  of  Page's  Text-book,  though 
Lapworth  may  not  have  seen  them,  and  he  has  given  an  altogether 
different  signification  to  his  Proterozoic  and  Deuterozoic  to  what 
Oumbel  has  done.  F.G.S. 


OBia?TJ.A.i^ir- 


HENRY  PALIN  GURNEY,  M.A.,  Hon.  D.C.L.,  F.G.S.,  etc 

BouN  September  7,  1847.  Died  August  14,  1904. 

Hknbt  Palin  Gdbney,  eldest  son  of  Henry  Gurney  and  Eleanor 
Palin,  was  bom  in  London  on  September  7th,  1847.  He  received 
his  early  education  at  the  City  of  London  School,  proceeding 
afterwards  to  Clare  College,  Cambridge.  There  he  distinguished 
himself  both  in  Athletics  and  the  Schools :  he  rowed  in  the  college 
boat  and  ran  for  his  university  in  the  Oxford  and  Cambridge  Sports 
of  1868  and  1869 ;  he  took  both  the  Mathematical  and  Natural 
Science  Triposes  in  the  year  1870,  being  placed  fourteenth  wrangler 
in  the  former  and  in  the  first  class  in  the  latter;  immediately 
afterwards  he  was  elected  to  a  college  fellowship,  which  he  held 
till  1883.  In  1871  Mr.  Gurney  took  orders  in  the  Church  of 
England,  and  for  the  next  four  years  worked  as  curate  to  Canon 
Beck  in  one  of  the  largest  and  poorest  of  London  parishes,  that 
of  Botherhithe ;  in  the  early  part  of  that  period  he  was  married 
at  Whitchurch,  in  Herefordshire,  to  Louisa,  daughter  of  the 
Bev.  H.  Selby  Hele,  of  Grays,  Essex,  and  great-granddaughter  of 
Bishop  Home. 

Mr.  Gumey's  innate  love  of  crystals  had  been  developed  under 
the  influence  of  the  Cambridge  Professor,  William  Hallows  Miller, 
during  whose  illness  he  later  acted  for  some  time  as  Deputy. 
Appreciating  the  difficulties  which  at  that  epoch  presented  themselves 
to  English  students,  Mr.  Gurney  wrote  a  very  simple  and  useful 
Manual  of  Crystallography  (128  pages),  founded  on  the  Tract  of 
Professor  Miller  and  the  Lectures  of  Professor  Story-Maskelyne ; 
it  was  published  in  187o  by  the  Society  for  Promoting  Christian 
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Knowledge.  He  was  one  of  the  Original  Members  of  the  Crystallo* 
logical  Society  founded  on  Jane  14th,  1876,  and  was  a  member  of 
its  first  Council.  At  one  time  he  meditated  aooeptanoe  of  an 
appointment  in  the  Mineral  Department  of  the  British  Mnseum, 
bat,  notwithstanding  the  great  attractions  which  work  in  a  mineral 
collection  would  have  had  for  him,  he  did  not  feel  jastified,  having 
regard  to  the  interests  of  his  family,  in  becoming  a  candidate  for 
a  post  of  which  the  prospective  emoluments  must  be  both  uncertain 
and  small. 

Instead,  therefore,  of  making  research  in  mineralogy  and  crystallo- 
graphy his  lifework,  Mr.  Gurney  accepted  an  offer  made  to  him  and 
became  a  colleague  of,  and  afterwards  (1877-94)  managing  partner 
with,  Mr.  Walter  Wren  in  the  large  establishment  which  the  latter 
had  instituted  at  Westboume  Park  for  the  training  of  candidates 
for  the  various  competitive  examinations  for  posts  in  the  Army 
and  in  the  Home  and  Indian  Civil  Services ;  there  his  vast  energy, 
physical  and  mental,  found  full  employment  His  remarkable 
^powers  of  organization,  and  the  personal  influence  he  was  able 
to  bring  to  bear  on  young  men  of  ability  at  a  very  critical  period 
of  their  lives,  contributed  largely  to  the  success  of  the  undertaking. 
The  pupils  of  that  establishment  now  occupy  prominent  posts  in 
every  part  of  Greater  Britain,  and  it  thus  comes  about  that  few 
tutors  have  ever  been  more  widely  known  and  respected.  During 
a  large  part  (1876-88)  of  this  period,  he  officiated  as  curate  of 
the  church  of  St  Peter  in  Bayswater. 

When  the  Principalship  of  the  Durham  College  of  Science, 
Newcastle  -  upon  -  Tyne,  fell  vacant  through  the  resignation  of 
Dr.  William  Garnett,  it  was  felt  that  the  educational  experience, 
the  wide  culture  and  attainments,  and  the  personal  character  of 
Mr.  Gurney  marked  him  out  as  the  ideal  man  for  that  important 
position.  His  appointment  to  the  post  has  been  abundantly  justified 
during  the  ten  years  which  have  since  elapsed. 

He  devoted  himself  to  the  advancement  of  the  interests  of  the 
oollege  in  every  possible  way.  Of  the  thousands  of  students  who 
have  passed  through  the  institution  during  his  tenure  of  office, 
many  will  long  remember  his  kindly  advice  and  ready  help.  His 
oharm  of  manner  and  sweetness  of  disposition  made  him  everywhere 
popular ;  and  at  distributions  of  school  prizes  and  public  meetings 
in  general  in  Newcastle  and  the  surrounding  district,  he  was  sure 
of  a  hearty  welcome.  He  took  a  leading  part  in  inducing  the 
promoters  of  the  Armstrong  Memorial  Fund  to  devote  its  proceeds 
to  the  completion  of  the  college  buildings,  and  he  afterwards 
gave  help  and  encouragement  in  obtaining  further  subscriptions. 
Mr.  Gurney  provided  a  remarkable  illustration  of  the  well-known 
fact  that  the  busiest  man  is  the  one  who  is  most  ready  to  add  to 
his  work  and  responsibilities;  he  was  the  representative  of  the 
oollege  on  the  governing  bodies  of  schools  at  Newcastle,  Hothbury, 
Hartlepool,  and  Middlesbrough  ;  he  was  a  co-opted  member  of  both 
the  Newcastle  and  Northumberland  Education  Committees ;  he  was 
Chaplain   to   the    Bishop  of    Newcastle,    and  also   to    the   Third 
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Vblimteer  Battalion  of  the  Northumberland  Fusiliers ;    be  was 
Warden  of  the  Newcastle  Diocesan  House  of  Merqy. 

Notwithstanding  the  great  multiplioity  of  the  duties  whiob  fell 
to  him  as  Principal,  and  the  demands  made  on  his  time  by  the 
professorship  of  mathematics  which  he  later  combined  therewith, 
Mr.  Gnmey  found  it  possible  to  give  some  attention  to  the  develop- 
ment of  bis  old  subject,  the  study  of  crystals.  Impressed  with  the 
importance  of  crystallography  both  as  an  independent  science  and 
as  auxiliary  to  chemistry,  physics,  mineralogy,  and  petrology,  he 
equipped  the  college  with  apparatus  for  the  measurement  of  the 
anglee  and  for  the  determination  of  the  symmetry  and  optical 
«hiffaoters  of  crystals,  and  arranged  that  opportunity  for  the 
acquisition  of  a  theoretical  and  practical  knowledge  of  the  scienoe 
flhoald  be  provided  for  Newcastle  students. 

Mr.  Gumey  received  the  honorary  degree  of  D.C.L.  from  the 
University  of  Durham ;  he  was  a  Fellow  of  the  Geological  and 
Physical  Societies,  and  for  several  years  was  a  member  of  the 
Council  of  the  Mineralogical  Society. 

Whenever  it  was  practicable  for  him,  Mr.  Gumey  sought  complete 
relaxation  and  change  of  thought  in  travel,  spending  many  of  his 
vacations  abroad  and  availing  himself  of  every  opportunity  of 
visiting  places  of  general  or  geological  interest  both  in  Europe  and 
America.  With  the  present  writer  he  spent  several  happy  holidays ; 
OQ  one  occasion  journeying  to  Moscow,  Nijni  Novgorod,  and  down 
the  Volga  to  Kazan,  afterwards  making  an  excursion  with  other 
members  of  the  International  Geological  Congress  to  various  note- 
worthy places  in  Finland ;  a  brief  account  of  the  latter  he  gave 
in  his  "Notes  on  the  Geology  of  Finland."  He  was  an  ideal 
companion ;  full  of  energy  and  enthusiasm  ;  of  infinite  patience, 
good  temper,  and  cheerfulness ;  indeed,  to  see  his  pleasant  face 
and  hear  his  hearty  laugh  was  almost  a  holiday  in  itself.  Only 
a  few  short  weeks  ago  he  proposed  that  they  should  again  spend 
a  few  weeks  together,  this  time  at  Arolla  in  Switzerland,  where 
he  was  to  go  with  two  of  his  daughters,  but  the  writer  was  unable 
to  leave  London.  Soon  afterwards  came  the  startling  news  of  his 
death.  With  only  a  walking-stick  in  his  hand,  he  had  started  off 
alone  at  8  a.m.  on  August  1 3th,  not  saying,  probably  not  knowing, 
how  far  he  was  likely  to  go.  Night  came  and  he  did  not  return. 
Search  was  immediately  begun,  and  by  dusk  the  next  day  his 
footmarks  had  been  discovered  on  an  ar^te  of  the  Gysa,  a  southern 
spur  of  Mount  Boussette;  there  they  ceased.  Soon  after  dawn 
on  the  following  morning  his  body  was  discovered  several  hundred 
feet  below ;  his  watch  had  stopped  at  nearly  12.  Notwith- 
standing the  caution  and  carefulness  which  were  ever  prominent 
features  in  his  own  character,  and  were  strongly  impressed  by  him 
on  others,  he  had  doubtless  been  gradually  led  on  by  the  beauty 
of  the  view  to  climb  higher  and  higher,  and  had  eventually  and 
unexpectedly  found  himself  in  a  place  where  a  slip  was  eeisy  and 
would  mean  instant  death. 
His  loss  will  long  be  felt  far  and  wide,  more  especiallj  la  thA 
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North  of  England,  where  he  had  lived  for  the  last  ten  years ;  hot 
for  the  memhera  of  his  family  and  his  intimate  friends,  more 
especially  for  one  to  whom  he  always  showed  the  kind  feeling  of 
a  brother,  it  will  oast  a  shadow  over  what  remains  of  life.^ 

L.  Fletchbh. 


ROBERT    HARRIS    VALPY,    J.P.,    F.G.S. 

BoBN  SBPTBXBBa  16,  1819.  DiSD  Dbcembbb  18,  1904. 

Mb.  R.  H.  Valpt,  whose  death,  in  his  86th  year,  we  regret  to 
record,  had  been  an  active  worker  among  the  Devonian  rooks  of 
North  Devon.  Residing  for  portions  of  many  years  at  Ilfraoombe, 
he  gathered  together  a  rich  collection  of  fossils  from  that  neighbour- 
hood, and  his  help  was  cordially  acknowledged  by  Mr.  Etheridge  in 
the  celebrated  paper  *'  On  the  Physical  Structure  of  West  Somerset 
and  North  Devon,  and  on  the  Palasontological  Value  of  the  Devonian 
Rocks"  (Quart.  Journ.  Gaol.  Soc,  vol.  xxiii,  1867,  see  pp.  605-8,  etc.). 
Mr.  Valpy  himself  never  published  much,  and  his  little  work  entitled 
"  Notes  on  the  Geology  of  Ilfraoombe  and  the  Neighbourhood "  waa 
issued  anonymously,  by  Twiss  &  Sons,  Ilfraoombe.  He  was  a  man 
who  seemed  to  shrink  from  publicity,  and  to  prefer  a  quiet  and 
retired  country  life.  He  was  the  only  son  of  Capt  A.  B.  Valpy,  R.N., 
of  Oombe  Lodg^e,  Blagdon,  Somerset,  and  was  born  at  Streatley  in 
Berkshire.  He  was  educated,  first,  under  his  relative,  the  eminent 
Dr.  Richard  Valpy,  F.S.A.,  at  the  Reading  Grammar  School,  and 
afterwards  at  Harrow  and  Balliol  Colleg^e,  Oxford,  and  qualified 
in  1846  as  J. P.  for  Berkshire.  In  1849  he  purchased  the  estate 
of  Enbome  Lodge,  near  Newbury,  in  Berkshire,  and  this  was  hia 
principal  home  during  the  greater  part  of  his  life.  There  he  was 
highly  respected  as  "the  good  squire,"  and  he  lived  to  be  the 
oldest  magistrate  in  the  county.' 

When  engaged  in  the  re-survey  of  portions  of  the  Mendip  Hills 
in  1869  the  present  writer,  together  with  Mr.  Ussher,  had  the  good 
fortune  to  meet  Mr.  Valpy  at  Blagdon.  Every  locality  for  fossils 
appeared  familiar  to  Mr.  Valpy,  who  pointed  out  the  occurrence  of 
trilobites  in  the  basement  portion  of  the  Lower  Limestone  Shales 
near  Burrington,  the  occurrence  of  bone-beds  in  the  Carboniferoua 
Limestone,  and  the  presence  of  RhaBtio  beds  in  a  somewhat  abnormal 
position  in  the  vicinity  of  Blagdon.  He  also  mentioned  that  he  had 
found  strisB,  which  he  considered  might  be  of  glacial  origin,  on 
blocks  of  Carboniferous  Limestone  in  the  Dolomitic  Conglomerate. 
The  information  which  he  had  acquired  here,  as  elsewhere,  by 
a  very  close  study  of  the  rooks,  was  ever  generously  placed  at  the 
service  of  others.  H.  B.  W. 

^  Beprinted  from  the  Mtneralogieal  Magazine^  October,  1904,  vol.  xiv,  No.  63, 
pp.  61-64. 

'  If  not  the  founder,  he  was  a  member  of  the  Old  **  Valpeian  Club,''  which  dined 
together  annually  in  London  to  keep  alive  the  memory  of  old  Dr.  Valpy — ^the  author 
oi  Valpj's  Latin  Grammar,  on  which  eo  many  boys  were  brought  up  ! 
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I. — SlDQWIOK  MUSSUH  NoTES. 

NsW   F086IL8   FROM  THE   HaYEBFOSDWEST  D18TBICT.      III. 

By  F.  B.  CowPBB  Bbsd,  M.A.,  F.O.S. 

(PLATE  IV.) 

FamUy  HARPEDID-ffi. 

Habpes  sp.     (PI.  IV,  Fig.  1.) 

IN  Mr.  TambuH's  ooUeotion  from  the  Sholeshook  Limestone  of 
the  Sholeshook  Railway  Cutting  there  is  a  small  but  perfect 
'  horse-shoe '  limb  of  a  species  of  Siarpea — a  genus  which  has  not 
been  previously  recorded  from  this  bed.  The  *  horse-shoe  *  is  oval 
and  rather  elongate,  and  narrow  in  proportion  to  its  length;  the 
arms  curve  inwards  gently,  so  that  their  acutely  pointed  posterior 
extremities  are  approximate.  There  seems  to  be  a  marginal,  single 
row  of  large  pits  round  the  outer  edge  of  the  flattened  limb,  but  the 
general  surface  is  covered  with  very  minute  punotee.  The  inner 
edge  of  the  limb  is  not  well  preserved.  The  arms  extend  backwards 
to  about  twice  the  length  of  the  head- shield. 

DiMSNSIONS.  mm. 

Width  of  horse -shoe     7 

Length  of  ditto  11 

Width  of  arms 3 

Bkmabks. — This  form  has  a  more  elongate  horse-shoe,  with  the 
arms  more  curved  inwards,  than  JET.  Wegelint,  Angelin,^  but  this 
difference  in  shape  may  be  more  or  less  due  to  slight  distortion  in 
our  specimen. 

The  genus  is  perhaps  represented  also  in  the  Blade  Beds. 

Family  TRINUCLEID^. 

Ampyx  cf.  BO8TBATUS,  Sars.     (PI.  IV,  Fig.  2.) 

It  is  not  absolutely  certain  if  the  species  A.  rostratuSj  Sars,^  really 
occurs  in  the  British  Isles,  though  it  has  frequently  been  quoted. 

»  Schmidt:  Bev.  Ostbalt.  Silur.  Trilob.,  Abth.  iv  (1894),  p.  69,  t.  v,  figs.  10-18. 
»  Sara:  in  /m  (1836),  p.  334,  t.  viii,  figs.  3a-c. 
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The  author  haa  seen  reasons  for  removing  the  Qirvan  trilobites 
preTionsIy  referred  to  this  speoies  into  another  and  new  speoies ;  ^ 
bat  there  is  a  specimen  of  a  head-shield  in  Mr.  Tamball's  oolleotion 
from  the  Slade  Beds  of  Upper  Slade  which  bears  a  Teiy  dose 
resemblance  to  the  foreign  form.  The  oarination  of  the  glabella 
is  strong,  and  the  cheeks  only  extend  abont  half-way  np  its  sides. 
The  frontal  spine,  the  relative  proportions  and  shape  of  the  varioas 
parts  of  the  head-shield  seem  to  be  absolutely  identical  with  what 
we  know  of  A.  rostratua.  A,  iumdnu,  Forbes,  has  been  recorded  by 
Messrs.  Marr  k  Roberts'  from  the  Sholeshook  Limestone  of  the 
Haverfordwest  district 

Family  OLENID^. 

Bemoplbubidss  Saltebi,  Reed,  var.     (PL  IV,  Fig.  3.) 

Messrs.  Marr  &  Roberts  (op.  oit,  p.  481)  recorded  Bemoplewrides 
radtanSy  Barr.,  from  the  Sholeshook  Limestone. 

There  are  examples  of  a  speoies  of  this  genus  from  the  Slade  Beds 
of  the  quarry  at  Upper  Slade  which  cannot  be  referred  to  the  same 
speoies,  as  they  possess  only  two  pairs  of  lateral  furrows  on  the 
glabella,  and  the  latter  has  a  relatively  much  broader  anterior  tongue 
and  is  finely  tuberculated  round  its  posterior  lateral  margins.  In 
these  characters,  as  well  as  in  its  general  shape  and  tuberculated 
neck-ring  with  serrated  margin,  it  resembles  fi.  Scdterif  var. 
girvanensiB,  Reed,'  and  though  the  Slade  specimens  are  too  poorly 
preserved  to  identify  them  positively  with  this  variety,  yet  I  have 
no  hesitation  in  ascribing  it  to  the  same  species.  The  true  B,  railtans , 
Barrande,  is  quite  distinct,  as  I  have  verified  by  comparison  with 
Bohemian  examples  of  it. 

Family  PROETID^. 

Ctphaspis  mbgalops  (McCoy). 

This  species  was  recorded  by  Messrs.  Marr  &  Roberts  ^  from  the 
Sholeshook  Limestone,  but  Mr.  Turnbull  has  collected  a  good  head- 
shield  from  the  Slade  Beds  near  St.  Martin's  Cemetery,  Haverfordwest 

Ctphaspis  of.  Habknsssi,  Reed. 

An  imperfect  head-shield,  but  showing  the  characters  of  the 
glabella  clearly,  was  collected  by  Mr.  H.  Eynaston  (now  Director 
of  the  Transvaal  Geological  Survey)  from  the  Slade  Beds  of  West 
Peloomb.  It  is  comparable  with  the  species  described  by  the  author  ' 
as  Cyphaspia  (?)  HarhneBSt  from  the  Eeisley  Limestone.  The  length 
of  the  glabella  is  about  8  mm.,  and  its  basal  width  is  about  the  same. 

*  Reed:  Lower  Palseozoio  Trilobites  of  the  Girvan  Distriot  (Palssont.  Soc.)f 
pti(1903},D.  18. 

»  Marr  &  Roberts:  Q.J.G.8.,  vol.  xli  (1885^,  p.  481. 

•  Reed:  Lower  Palaeoz.  Tnlob.  Giryan  District,  pt.  i  (1903),  p.  39,  pL  Ti, 
figs.  8-16. 

«  Marr  &  Roberts:  Q.J.G.8.,  vol.  xli  (1685),  p.  481. 
6  Reed:  Q.J.G.S.,  vol.  lii  (1896),  p.  436,  pi.  xxi,  fig.  2. 
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Family  ACIDASPID^. 

AOIBASPIS    (CeBATOOBPHALA)   TuBVBULLIy   Sp.  UOV. 

(PL  IV,  Figs.  4-7.) 

There  are  several  speoimens  in  the  Sedgwiok  Huseam  of  a  species 
uKAddcupii  from  the  Sboleshook  Limestone  of  the  Haverfordwest 
district,  whioh,  thoogh  imperfect,  a£ford  sufficient  evidence  to  recognise 
in  them  a  new  species.  In  one  example  the  entire  individual  is 
maerved  with  the  exception  of  about  half  the  thorax  and  pygidium. 
The  head-shield  is  not  complete  and  is  somewhat  crushed,  but  with 
the  aid  of  another  specimen  exhibiting  some  of  the  missing  features 
more  perfectly,  a  fairly  full  description  can  be  given. 

DssoBiPTiOH. — General  form  broadly  ovate.  Head-shield  large^ 
•emicircnlar,  moderately  convex.  Glabella  oval  or  suboylindrical ; 
median  lobe  convex,  cylindrical,  nearly  parallel-sided,  slightly 
expanded  at  front  end  so  as  to  overhang  the  lateral  lobes.  Two 
psirs  of  lateral  lobes  present;  the  anterior  pair  small,  elongate, 
obliquely  oval ;  the  posterior  pair  about  twice  the  length  of  the 
anterior  pair,  narrow,  elongate,  pointed  anteriorly,  extending  abont 
half  the  length  of  the  glabella.  First  lateral  furrows  strong,  curving 
at  first  inwards  and  then  running  parallel  backwards  to  the  occipital 
farrows,  thus  completely  separating  median  from  lateral  lobes  of 
glabella.  Second  lateral  furrows  weak,  oblique.  Axial  furrows 
arched  gently  outwards,  increasing  in  depth  posteriorly.  Occipital 
farrow  distinct,  broad.  Occipital  ring  broad,  prominent,  rounded, 
fomished  with  large  median  tubercle  and  pair  of  low,  obscurely  marked 
transverse  occipital  lobes ;  margin  of  ring  provided  with  a  pair  of  short, 
stout,  snbparallel  spines.  Fixed  cheeks  swollen,  curved,  elongated. 
Ocular  ridge  narrow,  rounded.  Surface  of  head-shield  tuberculate, 
with  a  few  scattered  tubercles  of  larger  size.     (PL  IV,  Fig.  5.) 

Thorax  of  nine  segments ;  about  1^  times  the  length  of  head-shield. 
Axis  narrow,  strongly  convex,  prominent ;  axial  rings  furnished  with 
distinct  lateral  nodular  swellings.  Pleurse  straight,  horizontally  ex- 
tended at  right  angles  to  axis,  each  bearing  a  submedian  broad  elevated 
ridge  with  a  narrow  anterior  border  separated  from  it  by  a  broad 
but  shallow  furrow,  and  a  narrow  posterior  marginal  band  ;  ridge  of 
pleurse  bears  two  prominent  tubercles  regularly  placed  at  the  same 
distance  from  the  axis  all  down  the  thorax ;  extremities  of  pleuras 
produced  into  two  spines,  an  anterior  short  one  and  a  posterior  longer 
curved  one  with  a  tubercle  at  its  base.  (Fig.  6.)  Pygidium  (imperfectly 
known)  broadly  semicircular;  axis  (not  well  preserved)  convex, 
prominent;  lateral  lobes  flat,  horizontally  extended,  with  margin 
famished  with  five  or  six  pairs  of  long,  slightly  curved  spines  of 
equal  size  (the  points  are  broken  off  in  the  specimen)  ;  surface  of 
lateral  lobes  marked  by  three  subparallel  rounded  pleural  ridges, 
the  middle  one  being  the  largest ;  the  first  ridge  runs  to  the  base 
of  the  third  marginal  spine,  the  middle  one  from  the  first  axial  ring 
to  the  base  of  the  fourth,  and  the  posterior  and  faintest  one  to  the 
base  of  the  fifth.     (Fig.  7.) 
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Dimensions.  ^^ 

Length   ...        ...        ...        ...        ...  29 

Length  of  head 10 

Length  of  thorax  14 

Width  of  thorax  20 

Affinities. — The  glabella  of  this  speoies  appears  to  bear  a  con- 
siderable resemblanoe  to  A.  eaUipareo§,  Wyv.  Thomson.^  Doable 
spines  to  the  extremities  of  the  plenrad  are  found  in  the  Bala  speoies 
A.  Caraetaci,  Salter,'  and  the  pyg^diam  is  somewhat  similar  to  this 
species,  bat  the  marginal  spines  are  unequal  in  strength,  and  the 
head-shield  is  completely  different  A,  evoluta,  Tdmquist,'  from 
the  Leptffina  Limestone,  of  which  only  the  head-shield  has  been 
described,  possesses  a  somewhat  similar  lobation  of  the  glabella 
with  a  broad  occipital  ring  and  occipital  lobes.  A.  Jamen,  Salter,^ 
and  A,  bispinosus,  McCoy,'  two  well-characterised  British  Ordovician 
forms,  are  quite  distinct,  save  for  the  separation  of  the  median  lobe 
of  the  glabella  and  the  pair  of  short  occipital  spines. 

Note. — This  new  species  appears  also  to  be  represented  in  the 
Slade  Beds,  from  which  Mr.  TumbuU  has  recently  obtained  some 
specimens. 

AoiDASPis  (Cbratocsphala)  sladensis,  sp.  noY. 

(PL  IV,  Figs.  8-12.) 

Another  and  smaller  species  of  Aeidcupia  occurs  in  the  Slade 
Beds ;  only  the  head-shield  and  the  pygidium  are  known,  but  the 
specimens  are  nearly  complete  and  in  a  good  state  of  preservation. 

Desohiption.  —  Head-shield  semicircular,  moderately  convex. 
Glabella  oval,  nearly  as  wide  as  long ;  median  lobe  convex, 
cylindrical,  fairly  well  marked  off  from  the  lateral  lobes,  expanded 
a  little  in  front,  gently  rounded  or  subtruncate  anteriorly.  Anterior 
pair  of  lateral  lobes  oval,  convex,  less  than  one-third  the  length  of 
glabella;  posterior  pair  oval,  convex,  nearly  twice  as  large  as 
anterior  pair,  not  strongly  marked  off  from  them.  First  pair  of  lateral 
furrows  short,  curved  back  to  meet  second  pair ;  second  pair  weak 
between  lateral  lobes,  but  continued  backwanls  more  strongly  along 
inner  side  of  second  lateral  lobes  to  enter  occipital  furrow.  Occipital 
furrow  strong,  wide,  horizontal ;  occipital  ring  broad,  nearly  one- 
third  the  length  of  glabella,  provided  with  large  median  tubercle 
and  obscure  traces  of  small  occipital  lobes ;  margin  furnished^  laterally 
with  pair  of  posteriorly  directed  divergent  long  spines.  Axial 
furrows  distinct,  arched  outwards.  Fixed  cheeks  swollen,  curved, 
widening  posteriorly  to  nearly  the  width  of  glabella.  Ocular  ridge 
narrow,  raised,  rounded.     Eyes  small,  situated  wide  apart,  and  far 

»  W\'TiUe  Thomson:  Q.J.G.S.,  rol.  xiu  (1867),  p.  208,  pi.  vi,  figs.  11,  12. 

2  Salter:  ibid.,  p.  211,  pi.  vi,  figs.  15-17. 

'  Toraquist:  Undereokn.  Siljans.  Trilobitf.  (1884),  p.  28,  t.  i,  fig.  24. 

*  Salter:  Mem.  Geol.  Sunr.,  dec.  vii  (1853),  pi.  vi,  figs.  1,  2,  3. 

*  Salter:  ibid.,  p.  4,  pi.  vi,  fig.  4. 
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back,  nearly  opposite  middle  of  posterior  lateral  lobes.  Neok 
segment  rounded,  narrow,  widening  laterally,  ^marked  o£f  from 
fixed  cheeks  by  strong  farrow.  Facial  sutures  out*bp&terior  margin 
of  head-shield  far  out.  Anterior  margin  of  hea^shj^d  provided 
with  narrow  raised  rounded  border  with  strong  miargiaitl  farrow. 
Surface  of  head-shield  coarsely  tuberculated.    Thorax  i>.i;^own. 

Pyg^diam  broadly  semicircular,  transversely  expandi^*  almost 
flat ;  posterior  margin  famished  with  seven  pairs  of  equidi'9:tah^  short 
radiating  spines  of  equal  length  and  size.  Axis  convex,  short,  bluntjy 
terminating  inside  narrow  raised  rim,  not  quite  one-third  the  ^idtibi 
of  the  pyg^dium,  composed  of  two  segments  and  of  a  small  articulatip^ 
ring  in  front;  first  segment  formed  by  a  complete  rounded  rinj;* 
second  segment  broader  and  bearing  a  median  pair  of  large  tubercm 
and  a  lateral  pair  of  smaller  ones.  Lateral  lobes  flat,  horizontally ' 
extended  without  definite  pleural  ridges,  but  with  2-3  large  elongated 
tubercles.  Marginal  rim  raised,  rounded,  narrow,  with  regular  double 
row  of  tnbercles.   Marginal  spines  granulated.   (PL  IV,  Figs.  11, 12.) 

DlMKNSIONS.  _^ 

mm. 

Length  of  head-shield 3*0 

Len^h  of  pygidium  (without  spines)     1*5 

Width  of  (Utto     4-0 

Affinities. — This  species  has  many  of  the  characters  of  A,  LaXage^ 
Wyv.  Thomson,^  particularly  in  the  lobation  of  the  glabella  and 
occipital  spines,  but  it  differs  in  the  coarse  tuberculation  of  the 
head-shield  and  in  the  features  of  the  pygidium.  The  pygidium, 
indeed,  more  resembles  that  of  A.  hysirix,  Wyv.  Thomson,^  but  the 
latter  has  distinct  pleural  ridges  on  the  lateral  lobes,  and  no  pair 
of  conspicuous  tubercles  on  the  second  axial  segment.  A,  Qrayis, 
Etheridge,^  is  too  imperfectly  known,  but  the  pygidium  is  certainly 
distinct 

Both  these  species,  A,  aladensis  and  A.  Tumhulli,  belong  to  the 
subgenus  Ceratocephalaf  Warder,  1838  (type  C.  goniata,  Warder), 
as  understood  and  limited  by  Clarke.^  Van  Ingen  ^  suggests  using 
the  divisional  names  Odontopleura,  SelenopeltiSf  Ceraiocephala,  IHcra- 
nurus,  Acidaspis,  and  Ancyropyge  in  a  generic  sense,  but  this  does 
not  seem  desirable,  as  the  value  of  these  groups  is  scarcely  of  so 
high  a  rank. 

Family  LICHADIDiE. 

LiCHAs  (Metopolighas)  affinis,  Angelin,  var. 

(PL  IV,  Fig.  13.) 

There  is  one  fairly  well-preserved  pygidium  of  a  species  of  Lichas 
from  the  Slade  Beds  which  cannot  be  referred  to  any  common  British 

'  Nicholson  &  Etheridge:   Mon.  Fobs.  Girvan,  fasc.  i  (1878),  p.  121,  pi.  viii, 
iigs.  20-22  (non  figs.  17-19). 
-  Ibid.,  p.  123,  pi.  viii,  fig.  26. 
^  Ibid.,  p.  126,  pi.  viii,  fig.  26  ;  pi.  ix,  figs.  1-7. 

«  Clarke  :  Tenth  Renort  New  York  State  Geol.  (1891},  p.  67,  pi.  i,  fig.  1. 
^  Van  Ingen :  School  of  Mines  Quarterly,  vol.  xxiii  (Nov.  1901),  No.  1,  ^^.  36-39* 
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• 

ries.    In  8hajm'it40  Ibroadly  parabolio ;  the  axis  is  oonioal,  oonvex^ 
it  one-third:fthe* width  of  the  pygidiam  in  front,  is  not  enclosed 
by  a  fhrrow  l^lpd,  bat  sinks  down  rather  suddenly  to  the  general 
level  of  the'  Ial;^ral  lobes  in  the  postazial  piece ;  there  are  three 
distinct  nattqw  rings  on  the  front  part  of  the  axis,  followed  by 
lateral  trSkQes  t>f  a  fourth ;  the  posterior  end  of  the  axis  is  elevated 
into  a  ^"hi^t  tuberde.    llie  axial  furrows  oonverge  posteriorly  to 
8  littlct  *Qehind  the  axis  and  then  curve  gently  outwards.    The 
lateral  fobes  are  flat,  horizontally  extended,  and  consist  of  three 
pairs  *x>f  pleur»,  each  well-defined  and  traversed  by  a  diagonal 
JoArrpw  of  equal  strength,  but  only  the  first  two  pairs  of  pleurae 
.  *e^3  in  free  points  beyond  the  margin,  the  third  pair  not  interrupting 
•••Ime  regular  rounded  outline  of  the  posterior  edge  of  the  pygidinm. 
.  ..The  free  ends  of  the  second  pair,  which  are  alone  preserved  in  our 
•J   specimen,  project  as  short,  broad,  slightly  recurved  points.    The 
postaxial  piece,  which  is  broad,   appears  not  to  be  marked  off 
posteriorly  from  the  third  pair  of  pleursB,   the  limiting  furrows 
dying  out  before  reaching  the  margin.    The  surface  of  the  pygidiam 
is  uniformly  tuberculated.     There  is  a  wide  concentrically  striated 
fascia  on  the  inferior  surface,  extending  inwards  nearly  to  the  tip 
of  the  axis. 

DiMSMSIONS. 

mm, 

Longth  ...        ...        ...        ...        ...        14 

Widtii (about)  18 

Affinities. — The  figare  given  by  Schmidt '  of  a  pygidium  which 
he  attributes  to  L,  depresauB,  Angelin,'  resembles  this  specimen  in 
general  characters,  and  particularly  in  its  rounded  posterior  outline 
and  in  the  short  free  points  of  the  two  first  pairs  of  pleurae,  the  third 
pair  ending  within  the  margin.  But  the  axis  is  not  of  the  same  shape, 
and  has  only  two  ringrs  on  it.  Schmidt  also  states  that  he  is  doubtful 
about  the  characters  of  the  posterior  portion,  and  it  may  not  have 
a  rounded  outline  behind  the  second  pleune.  Angelin's  figure 
certainly  does  not  convey  the  same  impression.  But  Z.  affinii,  Ang.,^ 
and  Z.  conformiB,  Ang.,^  in  spite  of  being  more  pointed  behind,  are 
undoubtedly  the  nearest  allies,  the  shape  of  the  axis,  number  of 
segments,  posterior  tubercle,  lateral  lobes,  pleuraa  and  furrows 
agreeing  much  more  closely  than  any  others;  and  without  any 
hesitation  I  assign  this  Slade  form  to  this  group  which  has  been 
called  Metopolichas^  A  form  from  the  Eeisley  Limestone  has  been 
referred  by  the  present  author'  to  Z.  affinis  on  the  strength  of 
some  pygidia  and  a  head-shield,  and  another  to  a  variety  of 
Z.  con/ormtB, 

1  Schmidt:  Rev.  Ostbalt.  Silur.  Trilob.,  pt.  ii  (1886),  p.  95,  pi.  iv,  fig.  4. 
»  An^lin :  Pal.  Scand.  (1864),  p.  70,  pi.  xxxvi,  fig.  4a. 
'  Ibid.,  pi.  xxxviii,  fig.  4*. 

*  Ibid.,  pi.  xxxYiu,  fig.  6. 

*  Reed:  Q.J.G.S.,  toI.  Iviii  (1902),  p.  73. 

*  Beed:  QJ.Q.&.,  vol.  lii  (1896),  p.  427. 
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LiOHAB  (HsTOPOLiOHAs)  ULOiKiATVS,  Dalman  (?). 

There  is  one  speoimen  of  a  pygidiam  probably  referable  to  this 
qpeoieB  from  the  Slade  Beds  exposed  at  the  roadside  a  few  hundred 
^ards  west  of  St  Martin's  Cemetery,  Haverfordwest,  in  Mr.  Tarnball's 
ooUaotion.  Though  this  speoimen  is  not  well  preserved,  the  more 
aJDogated  form  distinguishes  it  from  L,  affinii,  Z.  laciniatuB  has 
been  described  from  the  Bala  of  the  Lake  Dlstriot  ^  and  other  British 
looaliiies. 

LioHAB  (Plattliohas)  kabqabitifeb,  Nieszkowski,  var. 

Some  fragments  of  head-shields  of  a  species  of  Lichas  were 
ooDected  by  Messrs.  Marr  &  Roberts  from  the  Slade  Beds  of  Bobeston 
Wathen  and  Ben  Lomond  Cottage,  Haverfordwest,  but  no  specific 
identification  was  given.  Portions  with  similar  characters  from 
die  same  horizon  occur  in  Mr.  TumbuU's  collection.  They  must 
imdonbtedly  be  referred  to  that  section  of  the  genus  which  has  been 
designated  PlatffliehaB,*  and  they  are  almost  indistinguishable 
from  L.  margariiifer,  Nieszk.,'  of  the  Baltic  provinces,  to  which 
a  form  from  the  Chair  of  Eildare  Limestone  has  also  been 
lelsrred.  The  median  lobe  of  the  glabella  and  the  bicomposite 
kleral  lobes  have  the  typical  shape  and  definition  of  this  species ; 
the  axial  furrows  are  likewise  quite  obsolete  posteriorly,  the 
fixed  cheeks  and  the  fourth  lateral  lobes  being  completely  fused 
and  forming  a  gently  convex  surface,  marked  off  from  the  median 
lobe  by  the  additional  furrow  which  oonneots  the  base  of  the 
Moomposite  lobes  with  the  occipital  furrow ;  there  is  the  usual 
pair  of  small  rhomboidal  occipital  lobes;  and  the  eye-lobe  and 
ftirrow  are  well  seen.  The  surface  seems  to  be  finely  tuberculated 
mther  than  granulated;  and  there  is  a  median  tubercle  on  the 
aeok-ring  in  one  of  the  specimens,  which  is  apparently  absent  in 
the  Bussian  examples. 

Family  CHEIRURID^. 

ChXIBURUS     (S.g.    PSXTIDOSPHJBBEXOOHUS)    off,   SUBQUADBATUS,    Rccd. 

The  subgenus  Pseudospharexochus  has  been  recorded  by  the 
author*  from  the  Keisley  Limestone,  and  its  relations  have  been 
discussed  in  another  place.'  Its  presence  in  the  Haverfordwest 
area  has  now  to  be  recorded,  specimens  of  head-shields  showing 
the  typical  features,  but  not  well  enough  preserved  for  precise 
specific  identification,  occurring  in  the  Slade  Beds  of  Upper  Slade 
in  Mr.  TumbuU's  collection.  The  form  appears  to  resemble 
P«.  suhquadratus  of  the  Keisley  Limestone  very  closely. 

1  McCoy;    Synops.   Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  150,  pi.  IF,   fig.    17 
[L.  subpropinqua). 

*  Reed:  Q.J.G.S.,  vol.  Iviu  (1902),  p.  72. 

*  Nieszkowski,  Mon.  Trilob.  Ostseeprov. :  Archiv.  Liv.-Est-Kurland,  ser.  i  (1857), 
p.  668,  t.  i,  tig.  15. 

*  Reed:  Q.J.G.S.,  vol.  Hi  (1896),  p.  421,  pi.  xx,  figs.  10,  11. 

*  Reed  :  Geol.  Mao.,  Deo.  IV,  Vol.  Ill  (1896),  pp.  117,  161. 
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EXPLANATION  OP  PLATE  IV. 
Fio.   1.    Sarpessp.    *  Hone-shoe '  limb.    Sholeshook  Limestone,    x  3. 

2.  Ampyx  cf.  rostratut,  San.     Head -shield.     Slade  Beds,  Upper  Slade. 
X  2|. 

3.  Bemopltwridet  Salteri,  Beed,  Tar.  ffkvmim$ii,    Slade  Beds,  Upper  Slade. 
X  2f 

4.  Aeidatpit  IStmhuUi,  sp.  noY.  Nearly  entire  specimen,  with  the  exception 
of  half  the  thorax  and  pygidiom.  Sholeshook  Limestone,  Haverford- 
west.    X  2. 

5.    Outline  figore  of  restored  head-shield. 

6.    Bestored  outline  of  one  of  the  thoracic  s^;ments. 

7.    Bestored  outline  figure  of  pvgidium. 

8.  Aeidatpit  tladensis,  sp.  noT.  Heaa-shield,  showing  the  glabella;  the 
cheeks  imperfect.    Slade  Beds,     x  6. 

9.    Head-shield  of  a  larger  indiyidaal.     x  5. 

10.    Bestored  outline  of  head-shield. 

11.    Pyeidium.     x  6. 

12.    Outline  of  pygidium  restored. 

13.  Z««Aa«  <f/^8itM,  Angelm,  Tar.  Pygidium.   Slade  Beds,  HaTcrfordwest    x2. 
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IL — SoMs  Notes  on  ths  Oold  Oooubbsnoks  on  Liohtning 

Obbu,  B.O. 

By  Austin  J.  B.  Atkin,  Esq. 

LIGHTNING  CREEK  oocupies  a  wide  Talley  in  a  weakened  zone 
in  the  series  of  rooks  known  as  the  Cariboo  schists.  It  has 
been  stated  by  Mr.  Bowman  (Canadian  G^Iogioal  Survey,  1885  and 
1886),  and  oonfirmed  by  later  observations,  that  the  centre  of  the 
deepest  known  erosion  follows  very  closely  the  anticlinal  axis  in  these 
schiJBts.  The  occurrence  of  the  very  rich  spots  for  which  this  stream 
is  justly  famous,  both  below  its  present  level  and  at  points  many 
feet  above  it,  have  long  been  a  source  of  discussion  amongst  the 
miners  who  worked  here.  It  is  hoped  these  notes  gathered  during 
three  years  studying  this  difficult  problem  may  be  of  assistance  to 
future  observers,  and  perhaps  lead  to  the  discovery  of  rich  benches 
in  hitherto  unsuspected  places. 

There  have  been  four  distinct  channels  followed  by  this  stream, 
all  of  Tertiary  age.  The  oldest  or  Devil's  Lake  stream  (see  map) 
emptied  into  a  different  river  from  the  present  creek,  and  is  about 
600  feet  ^  above  the  channel  of  the  latest  Pliocene  stream,  at  present 
buried  under  from  50  to  150  feet  of  drift  of  Glacial  and  Pleistocene 
age.  Between  this  and  the  latest  Pliocene  channel  are  the  Butcher 
and  Dunbar  Flat  Benches,  both  the  sole  known  remains  of  a  stream 
which  once  ran  at  this  level. 

Below  these,  and  only  about  20  feet  above  the  deepest  channel 
yet  discovered,  is  the  bench  belonging  to  the  Point  Mining  Company, 
which  I  have  called  Fry's  Bench.  This  bench,  being  more  silicified 
than  the  rest  of  the  slates,  resisted  erosion  while  the  stream  cut 
down  on  the  outside.  The  gravel  and  gold  occurrence  was  studied 
here,  the  other  channels  being  worked  out  in  the  early  seventies. 
This  small  patch — the  best  of  it  being  only  80  feet  long  by  10  feet 
wide — was  very  remarkable  for  its  richness,  an  area  of  35  square 
feet  having  produced  as  much  as  260  ounces  of  gold.    In  some 

*  All  levels  taken  by  aneroid,  both  for  paper  and  map. 
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places  the  gold  was  so  plentiful  that  the  writer  has  pioked  up 
15  oiinoes  in  a  few  minutes  from  the  orevioes  in  the  broken  bed-rook. 
The  reason  for  this  striking  richness  was  shown  in  the  patoh 
oocapying  a  pool  at  the  foot  of  a  fall  in  the  old  stream. 

All  the  gold  was  very  water-worn  and  large,  the  smallest  piece 
being  about  10  grains  in  weight,  and  was  in  the  crevices  of  the  rock, 
together  with  hydrated  oxide  of  iron,  which  was  doubtless  the  pyrites 
of  that  age. 

The  benches  known  as  Butcher  Bench  and  Dunbar  Flat  were  the 
same  stream  of  a  still  earlier  date,  and  produced  several  of  the 
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largest  pieces  of  gold  found  in  the  country.  Some  of  the  nuggets 
weighed  over  30  ounces,  but  contained  a  little  quartz  and  were 
rougher  in  appearance  than  those  found  in  the  deeper  channels.  It 
was  the  erosion  of  this  channel  that  enriched  the  Point  Bench  and 
the  deeper  ground  to  the  left.  Most  of  the  quartz  probably  got 
washed  out  of  and  separated  from  the  rest  of  the  gold  on  its  travel 
down  to  the  deeper  levels. 

The  most  interesting  of  all  the  channels  of  this  valley  is  the 
oldest  or  Devil's  Lake  channel.  Emptying  as  it  did  into  the  valley 
of  Slough  Creek,  it  represeDta  a  period  when  the  draiTiagi^  yi^n^t^ 
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mnch  higher  than  at  present,  and  may  possibly  be  as  old  as  Miooene» 
It  is  the  only  channel  so  far  discovered  in  the  conntry  of  this  period, 
and  I  have  no  hesitation  in  attributing  the  gold  deposits  of  Lightning 
Creek  to  the  erosion  of  this  old  channel,  which  also  prodnced  the 
rich  benches  along  Slough  Greek  (see  locality  plan)  when  the 
watershed  drained  into  Willow  Biver  instead  of  into  Oottonwood 
Biver  as  it  does  at  present.  The  enormoas  extent  of  the  erosion  cai^ 
be  judged  when  the  deepest  gutter  below  the  present  creek  at 
Stanley  is  600  feet  lower  than  the  benches  above  Devil's  Lake, 
which  are  the  only  discovered  remains  of  this  old  channel  withii^ 
the  present  drainage  area  of  Lightning  Creek. 

While  very  little  gold  remains  in  Amador  Creek,  the  sudden 
failure  of  the  auriferous  lead  on  Perkins  Gulch  appears  to  indicate^ 
the  probable  level  at  which  this  channel  ran ;  there  is  nothing  more- 
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suggestive  than  the  rock  prominence  shown  in  the  photograph.^ 
This  cliff  probably  marks  a  point  around  which  the  oldest  channel 
once  ran,  confined  on  the  outside  by  the  rock  prominence.  The 
terraces  further  along  the  hill  may  be  Post-Glacial  debris  resting  on 
the  benches  of  this  stream,  or  the  result  of  the  receding  waters  of 
Pleistocene  times  terracing  the  loose  deposits. 

Summing  up  these  notes,  I  look  on  the  richness  of  the  Pliocene 
channel  of  Lightning  Creek  as  due  to  the  concentration  of  the 
gold  contained  in  the  beds  of  the  stream  when  it  ran  at  the  level  of 
Fry's  Bench;  and  on  Butcher  Bench  and  Dunbar  Flat  level  at  a  still 
earlier  date.  This  last  in  turn  owes  its  richness  to  the  earliest 
channel,  the  course  of  which  I  have  tried  to  indicate. 

^  The  Editor  regrets  that  the  photograph  referred  to  by  the  author  was  too  small 
Afld  not  sufficiently  clear  for  reproduction  oy  process. 


Dr.  R.  F.  Rand — Some  Transvaal  Eruptives,  107 

III. — SoMs    Tbanbyaal   Ebuptives. 

By  K.  p.  Ranb,  M.D.,  F.L.8. 

THE  following  petrographioal  notes  refer  to  examples  of  igneous- 
rooks  oolleoted  by  the  writer  during  a  visit  to  the  Transvaal  in 
the  Summer  of  1904.  Thin  sections  of  the  rocks  have  sinoe  been 
made,  and  it  was  thought  the  following  condensed  accounts  of  their 
appearanoes  might  perhaps  prove  a  useful  record. 

Meg.  is  prefixed  where  megascopic  characters  are  noted;  Mic. 
where  the  allosion  is  to  microscopic  features.  The  magnification, 
onless  otherwise  stated,  is  one  of  60  diameters. 

Nos.  1, 2, 3, 4, 5,  and  6  are  examples  of  the  granite  which  emerges 
two  miles  or  so  due  north  of  the  Johannesburg  P.O.  (the  point  to 
which  distances  in  the  Johannesburg  district  are  referred).  The^ 
Witwatersrand  Series  of  clastio  rooks,  the  gold -bearers,  dip  away 
towards  the  south,  their  northern  edge  forming  a  bold  escarpment 
overlooking  the  granite.  The  specimens,  collected  from  different 
points,  have  a  general  likeness  and  are  grey  In  colour. 

No.  1. — Locality :  small  quarry  close  to  the  Hyde  Park  Estate, 
5}  miles  north  of  Johannesburg. 

Meg.     A  medium -grained  type.     Sp.  gr.  2 -62. 

Mie.  Shows  the  usual  granitic  type  of  structure.  Quartz  bulks 
largely  ;  it  is  traversed  by  strings  and  bands  of  minute  bubbles,  and 
indades  many  fine  straight  needles,  some  of  which  are  nearly 
a  millimetre  in  length.  They  are  probably  rutile.  The  felspars 
are  microoline,  plagioclase,  and  orthoclase  in  about  equal  proportions. 
All  show  alteration,  but  the  microoline  is  in,  by  far,  the  fresliest 
condition.  The  change  is  principally  one  of  kaolinization,  but 
amid  the  cloudiness  many  fine  flakes  of  muscovite  are  recognisable. 
The  soda-lime  felspar  is  oligoclase,  it  shows  fine  albite  twinning, 
and  has  a  mean  refractive  index  slightly  lower  than  that  of  the 
adjoining  quartz.  The  orthoclase  is  in  Carlsbad  twins  and  shows 
zonary  decomposition. 

The  ferro-magnesian  elements  are  biotite  and  hornblende  in 
about  equal  quantities.  The  biotite  is  intensely  pleochroio,  and 
encloses  sphene,  sometimes  in  crystals,  but  more  often  in  grains. 
The  hornblende  is  bottle-green  in  colour,  and  usually  lies  in 
association  with  the  biotite.  It  frequently  encloses  epidote,  both  as 
crystals  and  grains.  Apatite  occurs  sparingly,  sometimes  enclosed 
in  the  biotite.  A  few  small  zircons  are  to  be  seen.  Here  and  there 
are  small  patches  of  a  miorographic  intergrowth  of  quartz  and 
felspar,  the  felspar  dominant  and  quite  turbid. 

No.  2. — A  fine-grained  example  from  the  same  quarry  as  No.  1. 
8p.  gr.  2-59. 

2£%c.  The  minerals  are  the  same  as  in  No.  1,  but  the  grains  are 
smaller.  The  difierenoe  between  the  refractive  indices  of  the  qiuirtz 
and  the  felspars  gives  the  surface  of  the  section  a  curiously  uneven 
semblance,  the  quartz  appearing  to  lie  at  the  bottom  of  shallow 
hollows.     The  biotite  shows  inclusions  of  sagenitic  rutile. 

No.  3.  —  Locality  :  Waverley  Estate,  5 J  miles  N.N.E.  of 
Johannesburg. 
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Meg,    A  medium-grained  type.    Sp.  gr.  2*66. 

i/tc.  The  qaartz  is  of  the  usual  kind,  but  there  is  an  absence  of 
the  rutile  needles  noted  in  No.  1.  The  felspars  are  miorooline, 
orthoclase,  and  plagioclase,  as  before.  Hornblende  is  present,  but 
no  biotite.  It  is  pale  green  in  colour,  and  carries,  as  inclusions, 
granules  of  sphene,  small  crystals  of  magnetite,  and  a  little  apatite. 

Accessories. —  (a)  Sphene,  in  good  crystals  of  a  yellowish-brown 
colour  and  carrying  numerous  magnetite  crystals  as  inclusions. 
The  sphene  crystals  are  sometimes  a  millimetre  in  length,  so  that 
with  a  little  scrutiny  they  may  be  made  out  in  the  hand-specimen. 
(5)  Pyrites,  in  crystal-groups  and  sometimes  in  grains,  sporadic  in 
its  distribution,     (c)  Apatite,  in  fairly  large  crystals. 

Muscovite,  caloite,  and  epidote  all  occur  sparingly,  as  decomposition- 
products.  Micrographic  intergrowth  of  quartz  and  felspar  is 
present,  but  in  less  degree  than  in  No.  1. 

No.  4. — Locality :  Norwood,  4  miles  north-east  of  Johannesburg 
and  about  f  mile  from  |^e  escarpment  of  the  Witwatersrand  Series. 

Meg.  Of  rather  coarser  grain  than  that  of  the  preceding 
numbers.     Sp.  gr.  2-66. 

Mie.  Shows  quartz  as  in  No.  1.  The  felspars  are  the  same,  the 
orthoclase  showing  very  good  zoning.  Hornblende  and  biotite 
occur,  the  former  preponderating.  Mixed  up  with  the  hornblende, 
at  whose  expense  it  appears  to  have  grown,  is  a  large  quantity  of 
epidote,  sometimes  showing  good  crystal  outlines.  Sphene  occurs 
in  good  crystals,  which  occasionally  show  excellent  cleavage-cracks. 
It  is  sometimes  enclosed  among  the  hornblende-dusters.  Apatite  as 
in  previous  examples. 

No.  5.  —  Locality :  a  small  quarry  near  stream  which  escapes 
towards  the  granite  below  Sans  Souci.  About  2^  miles  N.N.W.  of 
Johannesburg  and  close  to  the  Witwatersrand  Series  escarpment. 

Meg.  The  rook  is  of  medium  grain,  its  minerals  tending  towards 
directional  arrangement.     Sp.  gr.  2*76. 

Mic.  The  quartz  is  in  smaller  grains.  It  appears  to  have  suffered 
some  comminution.  The  felspar  is  striped,  much  decomposed,  and 
largely  predominates  over  the  quartz.  The  hornblende  is  in  large 
individuals,  of  greenish  colour  and  irregular  outline;  the  coloration 
is  patchy,  and  the  interior  of  the  crystal  often  shows  bleaching. 
Pleocbroism  is  strong,  yellow  to  indigo-blue.  Sphene,  epidote,  and 
apatite  are  commonly  enclosed  within  the  hornblende-groups,  the 
epidote  abundantly.    A  few  zircons  are  noticeable. 

No.  6. — Aplitio  vein  from  the  same  quarry  as  No.  5. 

Meg.     Milk-white  in  colour  and  holocrystalline.     Sp.  gr.  2-62. 

Mic.  Consists  almost  exclusively  of  quartz  and  felspar.  Quite 
rarely  a  little  epidote  is  to  be  seen,  decomposed  at  core  into  calcite ; 
a  shred  or  two  of  hornblende ;  and  small  stray  crystals  of  pyrites. 
Between  crossed  niools  one  sees  a  pell-mell  of  quartz  and  felspathic 
fragments,  the  quartz  often  in  large  irregular  grains,  and,  grouped 
around  them,  are  smaller  fragments  of  plagioolase,  mostly  with 
their  long  axes  in  rude  parallelism.  In  certain  cases  the  felspar 
has  undergone  extreme  destruction  and  is  reduced  to  a  granular 
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mosaic.  Of  the  larger  plagioclase  fragments,  some  are  bent,  some 
are  broken.  The  miorooline  appears  to  be  of  tougher  nature  than 
the  plagioclase,  having  survived  in  larger  fragments;  these  show 
a  Tagae,  nndulatory  extinction. 

Noa.  1,  8,  and  9  present  some  resemblances  among  themselves 
anlElcient  to  warrant  their  being  grouped  together. 

No.  7. — ^Locality :  near  by  the  spur  of  the  Witwatersrand  Series, 
around  which  the  stream  winds  in  its  escape  northwards  out  of  the 
Bezaidenhout  Valley.  From  bed  of  stream.  The  rock  occupies  an 
intermediate  position  between  the  granite  and  the  eruptive  which 
oocopies  the  floor  of  the  Bezuidenhout  Valley,  a  rock  which  is 
referred  to  later  on. 

Meg.  A  close-grained,  holocrystalline  rock,  of  dark  bluish-grey 
colour.     Sp.  gr.  2*96. 

Mie.  The  prevailing  elements  are  rhombic  pyroxene  and  amphi- 
bole,  the  two  often  intergrown.  The  hornblende  is  very  pale,  and 
appears  to  be  largely  derived  from  the  bronzite,  of  whose  crystals 
it  often  constitutes  the  core.  The  bronzite  is  in  large  columns  with 
brush-like  endings.  Much  of  it  has  undergone  the  usual  bastitio 
alteration.  Isolated  crystals  of  hornblende  occur,  showing  good 
prismatic  cleavages.  Amidst  the  foregoing  lies  greatly  decomposed 
plagioclase  with  broad  albite  laraellsB,  and  having  epidote  as  its  chief 
decomposition-product.  There  is  also  a  little  quartz  and  a  micro- 
graphic  intergrowth  of  quartz  with  felspar.  Chlorite  is  present 
in  a  few  stray  patches.  Pyrites  occurs  in  fair  quantity.  Opaque 
patches  of  reddish  tinge  may  be  stained  leucoxene,  which  is 
apparently  passing  over  into  sphene.  It  may  denote  a  pre-existent 
ilmenite,  and  sometimes  lies  in  association  with  the  pyrites. 

No.  8. — Locality  :  irregular  mass  intrusive  in  the  Witwatersrand 
Series  near  Sans  Souci.  A  few  hundred  yards  distant  from  the 
granite. 

Meg.  A  fine-grained  rook,  holocrystalline.  Colour  dark-bluish 
black  and  light  grey,  in  fine  mottling.  The  weathered  surface  is 
rusty.     Sp.  gr.  2*91. 

Mie.  The  most  abundant  constituent  is  hornblende,  pede  in 
colour,  sometimes  twinned,  oftentimes  fibrous.  It  interlaces  with 
a  greatly  decomposed  columnar  plagioclase.  In  the  meshes  lies 
a  micrographic  intergrowth  of  quartz  and  turbid  felspar.  A  clear 
plagioclase,  referable  to  labradorite,  is  present  in  quite  subordinate 
quantity.  Ilmenite  is  present,  mostly  decomposed  into  leucoxene, 
and  here  and  there  are  a  few  specks  of  pyrites. 

No.  9. — Locality :  from  a  dyke  traversing  the  granite  in  Braraley 
township,  6  miles  N.N.E.  of  Johannesburg.  The  dyke  trends- 
north  and  south. 

Meg.  Much  resembles  No.  8  in  appearance,  but  is  slightly  darker 
in  colour.     Sp.  gr.  2*99. 

Mie.  The  appearance  is  ophitic.  The  meshes  of  the  striped 
felspar  are  occupied  by  serpentine,  apparently  derived  from  horn- 
blende, of  which  some  unaltered  fragments  remain.  The  hornblende 
itself  is  probably  largely  secondary.     The  serpentiiiQ  \&  it^^^XiW^ 
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bordered  with  a  hem  of  chlorite,  with  plaooliroism  green  to  blue. 
Quartz  is  present  in  fair  quantity.  Platea  of  ilmenite  are  abnndaot». 
decomposed  for  the  most  part  into  leaoozene.    A  few  oryatala  of 

apatite  occur. 

Kliprivenherg  Amyffdalotd, 

Nos.  10  and  11  illustrate  this  rook,  which  OTerlies  the  Witwaters- 
rand  Series  some  5  miles  south  of  Johannesburg,  where  it  forms 
a  range  of  rugged  hills.  In  places  it  shows  a  characteristically 
amygdaloidal  structure,  which  is  brought  out  Tory  clearly  by 
weathering,  the  resistant  quartz  amygdules  standing  out  in  bold  relief. 

No.  10. — Locality :  northern  fringe  of  ElipriverBberg  Bange  by 
Meyer's  Farm,  5  miles  south  of  Johannesburg. 

Ifeg,  A  dark  bluish-grey  rock  of  dull,  fine-grained  texture,  the 
ground  carry iug  a  few  glassy,  tabular  crystals  of  felspars  showing 
albite  striation.  Darker  spots  represent  the  amygdules,  which,  in 
the  specimen  under  review,  are  small.     Sp.  gr.  2'8d. 

Mie.  The  ground-mass  is  made  up  of  a  mass  of  felspathio 
microlites,  mostly  showing  the  parallelism  indicative  of  flow. 
Amidst  the  microlites  is  a  good  deal  of  granular  opaque  matter, 
which  is  white  by  reflected  light.  The  microlites  are  long  and 
slender,  and,  as  they  extinguish  almost  parallel  with  their  length, 
are  probably  oligoclase.  Some  of  larger  gp-owth  are  striped.  Lying 
among  the  felspathio  microlites  of  the  ground-mass  are  numerous 
fine  needles  of  amphibole,  which  appear  to  grow  at  the  expense 
of  the  opaque  matter  noted  above,  increasing  in  number  as  the 
opacity  clears  up. 

The  large  felspar  phenocrysts  are  few  in  number,  are  much 
decomposed,  and  show  albite  twinning.  The  ferro-magnesian  element 
of  the  first  generation  is  represented  by  pseudomorphs  of  pale- 
greenish  chloritic  matter,  granular  in  appearance,  faintly  pleochroio, 
and  ranging  between  crossed  nicols  from  an  intensely  deep  blue 
to  com  pit* te  isotropism.  These  pseudomorphs  perhaps  succeed 
olivine.     They  frequently  enclose  epidote  in  good  crystals. 

The  amygdular  cavities  show  varying  contents.  They  are 
commonly  filled  in  part  by  a  material  very  similar  to  that  of  the 
pseudomorphs,  but  which  in  the  amygdular  cavities  passes  over 
into,  what  is  doubtless  to  be  regarded  as,  isotropic  serpentine.  This 
material  borders  the  wall  of  the  cavity,  encroaching  deeply  upon 
its  area ;  centrally,  the  core  of  the  amygdule  is  formed  by  a  mosaic 
of  quartz.  Epidote  is  frequently  seen  in  the  chloritic  matter,  and 
its  advancing  growth  is  indicated  by  a  faint  shadow  margining 
its  edges ;  this  is  pleochroic,  and  recalls  the  pleochroio  hales  common 
in  the  biotites,  but  lacks  their  intensity.  Rutile  is  an  occasional 
inclusion  in  the  amygdular  chlorite.  One  cavity  is  almost  completely 
filled  with  augite,  decayed  centrally,  where  it  is  studded  with  grains 
of  quartz  and  magnetite  crystals. 

No.  11. — Locality  :  southern  edge  of  Elipriversberg  Range,  about 
8  miles  south  of  Johannesburg. 

Meg.  Resembles  No.  10,  but  the  amygdular  cavities  are  larger 
and  are  BUed  with  white  quartz.     Sp.  gr.  2*93. 
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Mie.  Qround-mass  miorolitio  as  in  No.  10.  There  is  less  of  the 
opaque  matter  and  more  amphibole  in  needles  and  wisp-like  flakes. 
Specks  of  magnetite  are  fairly  plentiful.  Many  of  the  amygdular 
eaTities  are  entirely  filled  with  a  mosaic  of  quarts,  which,  in  turn, 
sometimes  includes  a  little  pyrites  and  sometimes  epidote.  Other 
carities  are  filled  as  in  No.  10,  and  again  others  carry  epidota 
exclasively. 

Eruptive  occupying  the  floor  of  the  Bezuidenhout  Valley. 

Kos.  12, 13,  14,  15,  16,  and  17  as  examples. 
This  rook  has  a  strong  likeness  to  the  Elipriversberg  amygdaloid ; 
it  is  separated  from  it,  however,  by  a  large  section  of  the  Witwaters- 
rand  beds,  some  4  or  5  miles  of  their  outcrop  intervening  between 
them.  The  rook  is  schistose,  in  places,  at  the  upper,  narrower  end  of 
the  valley.  Lower  down  and  beyond  the  spur  of  the  Witwatersrand 
Series,  which  there  tei*minates  the  northern  flank  of  the  valley,  the 
rook  comes  into  relation  with  that  described  under  No.  7,  an  inter- 
vener between  it  and  the  granite. 

No.  12. — Locality :  Bezuidenhout  Valley  township,  north  side  of 
stream,  2^  miles  east  and  a  few  points  north  of  Johannesburg. 

Heg,  Closely  resembles  No.  10.  The  felspar  crystals,  however, 
are  small.     Sp.  gr.  2-87. 

Mic.  Felspatbic  microlites  are  larger  than  in  No.  10,  some  of 
them  forming  small  striped  laths.  Among  them  is  much  amphi- 
bolic materia],  in  needles  and  wisps,  and  a  good  deal  of  the  opaque 
white  material  noted  in  No.  10.  Epidote  occurs  plentifully  through- 
out the  section  in  irregular  grains. 
No.  13. — Locality  :  same  as  No.  12. 

Meg,  A  weathered  specimen,  amygdular.  The  contents  of  the 
amygdular  cavities  have,  in  many  instances,  weathered  out,  so  that 
there  is  a  partial  reversion  to  the  original  cellular  condition,  a  change 
reflected  in  the  low  specific  gravity,  viz.  2*47. 

Mic,  A  microlitic  ground-mass  with  ocoasional  members  of  some- 
what larger  size.  Interstitially  there  is  much  chlorite,  pleochroic, 
and  nearly  isotropic.  Scattered  abundantly  throughout  the  section 
are  irregular  patches  of  a  dark-brown,  semi-opaque  material,  white 
by  reflected  light.  I  believe  it  to  be  leucoxene  in  oourse  of 
alteration  into  sphene,  and  perhaps  rutile.  Many  of  the  amygdular 
cavities  are  empty ;  where  filled,  the  peripheral  portion  consists  of 
completely  isotropic  serpentinous  matter,  sometimes  iron-stained; 
the  central  portion  is  made  up  of  quartz-mosaic. 

No.  14. — Locality :  from  a  point  lower  down  the  Bezuidenhout 
Valley,  opposite  the  Geldenhuis  tailings-heap. 

Meg.  A  close-grained,  bluish-black  ground,  enclosing  opaque- 
white  tabular  crystals  of  felspar.  One  of  these  in  the  specimen 
measures  2  cm.  in  length.     Sp.  gr.  2*87. 

Mie.  The  ground-mass  consists  of  small  plagioclase  laths  of  more 
aoid  type  than  the  felspatbic  phenoorysts.  These  latter  are  greatly 
decomposed.  They  are  probably  to  be  referred  to  oligoolase- 
andesine.     Among    the    laths  lie  dirty-green,  platy  i!oim%  ^vWi 
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brash-like  endings.  These  are  probably  hornblendio.  There  is 
much  epidote,  in  large  irregular  grains,  sometimes  interstitial, 
sometimes  enclosed  in  patches  of  chlorite.  The  amjgdolar  cavities 
are  filled  as  in  previous  examples.  Some  of  their  chloritic  matter 
encloses  biotite,  which  is  apparently  growing  at  its  expense.  This 
specimen  shows  an  approach  towards  the  ophitic  stracture  of  the 
diabases. 

Nos.  16  and  17. — Locality:  Bezuidenhout  Valley  township, 
3  miles  east  of  Johannesburg.  Both  of  these  examples  are  schistose, 
probably  as  a  result  of  dynamic  metamorphism.  The  vicinity 
manifests,  as  has  been  pointed  out  by  Drs.  Hatch,  Corstorphine,  am) 
others,  a  high  degree  of  faulting. 

No.  16.    Sp.  gr.  2-71. 

Mic.  Individual  detail  is  gone,  and  the  body  of  the  rock  is  now 
made  up  of  an  exceedingly  fine-grained  crystalline  basis,  probably 
the  ground-down  fragments  of  the  felspathic  microlites  and  crystals. 
This  ground-mass  is  traversed  by  strings  of  yellowish-green  chloritic 
matter  and  streaks  of  iron-staining.  These  course  in  rude  parallelism, 
approaching  and  diverging  to  leave  lenticular  interspaces.  Large 
irregular  plates,  of  what  is  probably  titaniferous  iron  decomposed 
into  a  red-stained  leuooxene,  occur  freely,  and  around  these  patches 
the  strings  frequently  wind. 

No.  17. — Meg.  The  schistose  character  is  evident  in  the  hand- 
specimen.    Sp.  gr.  2*58. 

Mic.  The  general  features  resemble  No.  16.  The  amygdular 
cavities  are  much  flattened  out.  The  grains  of  their  quartz-mosaic 
have  sometimes  assumed  a  degree  of  parallelism,  the  direction  of 
arrangement  being  obliquely  across  the  cavity  and  not  in  line  with 
its  long  axis. 

Note. — From  the  foregoing  it  will  be  seen  that  the  Elipriversberg 
amygdaloid  and  the  Bezuidenhout  Valley  eruptive  are  much  akin. 

No.  18. — Locality  :  an  intrusive  in  the  Witwatersrand  Series  ; 
exposed  in  Witpoortje  Eloof,  some  12  miles  west  of  Johannesburg. 

Meg,  A  dark  bluish-black  rock,  holocrystalline,  faintly  mottled, 
and  of  medium  grain.  Specks  of  pyrites  are  conspicuous. 
Sp.  gr.  2-92. 

Mic.  The  rock  has  the  structure  of  the  diabases,  large  felspathic 
laths  constituting  a  framework  amid  which  the  ferro-magnesian 
elements  are  disposed.  The  felspar  is  greatly  decomposed,  but  the 
albite  striping  is  to  be  made  out.  The  ferro-magnesian  constituents 
are  augite  and  olivine,  intermixed  in  crystalline  clusters.  Both  are 
faint  yellowish-brown  in  colour.  Augite  predominates.  Both  the 
augite  and  the  olivine  are  in  course  of  alteration  into  serpentine, 
and  in  both  the  alteration  comes  as  an  opaque  cloudiness  advancing 
from  the  surface  inwards.  Detached  pieces  of  serpentine  and  of 
chloritic  matter  lie  about  in  the  section,  the  latter  enclosing  grains 
of  epidote.  Large  crystalline  plates  of  magnetite  are  frequent. 
More  rarely,  beautiful  patches  of  pyrites  occur,  arranged  in  the 
filigree-like  forms  it  so  often  assumes. 

§o.  19. — Locality :   surface-exposure  2  miles  east  of  Boksburg. 
Possibly  of  Karoo  Age. 
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Meg.  HolooryBtalline,  blnish-blaok  rook,  of  fine  grain.  8p. 
gr.  2-95. 

Mie,  The  groand-mass  is  made  up  of  nameroas  short  laths  of 
fflagioolase  (with  albite  twinning)  and  small  irregalar  grains  of 
aiigite  and  oliyine ;  the  olivine  grains  being  the  larger.  These  are 
IflETgely  decomposed  into  a  dark,  greenish  serpentine.  Amidst  the 
ground-mass  lie  larger  elements — (a)  groups  of  large  plagioolase 
crystals  (labradorite) ;  (h)  oooasional  large  irregular  grains  of 
oliTine ;  (e)  crystalline  patches  of  magnetite ;  (d)  irregular  green 
patches  of  serpentine  succeeding  olivine ;  (e)  a  few  long,  lath-like 
^crystals  of  twinned  angite,  sometimes  showing  erosion.  The  rock  it 
referable  to  the  olivine-basalts. 

Beifond  Pretoria, 

No.  20. — Locality :  from  summit  of  range  of  hills  about  10  miles 
north  of  Pretoria,  tid  Wonderboom  Poort,  the  Poort  being  a  defile 
in  the  Magaliesberg  Bange  where  riyer,  road,  and  rail  jostle  each 
other  in  their  passage  through.  The  range  from  which  the  rock  was 
collected  runs  nearly  parallel  with  the  Magaliesberg.  '<  Pyramids  '* 
▼icinity. 

Meg,  A  holocrystalline  rock  of  medium  grain,  dark  grey  and 
granitoid.     Sp.  gr.  2*92. 

Mie.  A  rock  of  simple  constitution,  its  elements  consisting  of 
angite,  frequently  diallagic ;  and  labradorite ;  with  the  allotriomorphio 
arrangement  of  the  granular  rooks.  The  proportion  is  about  one- 
third  augite  to  two-thirds  labradorite.  A  gabbro  of  simple  type. 
The  augite  is  much  decomposed  and  is  often  turbid.  It  oontainn 
grains  of  magnetite  as  decomposition-product.  Little  patches  of 
chlorite  are  sometimes  included,  and,  in  places,  one  sees  a  marginal 
alteration  of  the  augite  sending  invading  strings  of  chlorite  into  the 
surrounding  felspar.  The  labradorite  is  comparatively  fresh,  showing 
broad  albite  lamellae,  and,  quite  rarely,  pericline  striation. 

No.  21. — Locality  :  outcrop  upon  the  flats  midway  between 
Wonderboom  Poort  and  the  range  from  which  No.  20  was  collected. 
It  probably  constitutes  part  of  the  same  rock-mass. 

Meg,  A  very  coarse-grained,  holocrystalline  rock  consisting  of 
large  black  shimmering  crystals  set  in  a  white  matrix,  showing 
frequent  cleavage-faces.     Sp.  gr.  2*9. 

Mic.  Large  crystals  of  augite,  twinned,  with  basal  cleavage,  giving 
the  herring-bone  structure,  are  conspicuous.  The  crystals  frequently 
show  a  marginal  alteration  into  brown  hornblende.  Grouped  with 
the  augite  are  large  crystals  of  hypersthene,  partially  converted  into 
bastite.  Like  the  augite  it  too  shows  a  marginal  conversion  into 
brown  hornblende.  The  hypersthene  is  rather  more  abundant  than 
the  augite.  The  felspar  (labradorite)  is  more  decomposed  than 
that  of  No.  20.  It  shows  much  granular  opacity.  Combinations 
of  Carlsbad,  albite,  and  pericline  twinning  occur.  The  crystals  are 
frequently  crowded  with  long  needle-like  inclusions,  whose  regular 
disposition  in  planes  shows  an  approach  to  sohiller  -  structure. 
These  inclusions  sometimes  occupy  patchy  areas  in  the  intArvQt  oC 
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a  orystal ;  their  extension  is  attended  by  a  change  in  the  orientatioD 
of  tQQ  axes  of  elasticity  of  the  felspar.  As  aooessories,  a  few  small 
zircons  are  to  be  seen. 

No.  22.  An  irregular  intrusion  in  the  Magaliesberg  Series,  north 
of  the  Van  der  Merwe  Railway  Station,  Pretoria-Delagoa  Bay  line. 

Meg.  A  holocrystalline  rook  of  grey  colour  and  fine  £prain. 
Sp.  gr.  2-69. 

Mie.  Shows  interlacing  bars  of  a  greatly  decomposed  plagiodase 
interwoven  with  a  rhombic  pyroxene,  which  is  mostly  altered  into 
bastite.  The  meshes  of  this  framework  are  occupied  by  a  micro- 
graphic  intergrowth  of  quartz  and  semi-opaque  felspar,  the  quartz 
preponderating.  Some  magnetite  occurs,  and  hornblende,  sparingly. 
A  small  vein  traversing  the  section  is  filled  with  calcite. 

No.  23. — Locality :  dyke  in  the  Magaliesberg  Series,  north  of  Van 
der  Merwe  Railway  Station. 

Meg.  Has  a  general  likeness  to  No.  22,  but  is  of  somewhat 
coarser  grain.    Sp.  gr.  2*83. 

Mie.  There  is  a  framework  of  decomposed  plagiodase,  with 
rhombic  pyroxene  as  in  No.  22,  also  much  quartz  in  micrographio 
intergrowth  with  felspar.  In  addition  there  is  pale  augite  piurtly 
altered  into  uralitic  hornblende,  aud  plentiful  large  flakes  of 
ilmenite  partly  decomposed  into  leucoxene.  Patches  of  serpentine 
occur  as  results  of  complete  decomposition  of  rhombic  pyroxene. 

Note. — In  no  Transvaal  instance  has  the  writer  observed  the 
violent  tingeing  of  augites  so  frequently  seen  where  augite  is 
associated  with  titanium-bearing  ores. 

No.  24. — Locality:  dyke  in  the  Magaliesberg  Series,  north ^of 
Van  der  Merwe  Railway  Station. 

Meg.  A  bluish-black  rock,  of  medium  grain,  partly  crystalline. 
Scratches  under  the  knife.     Sp.  gr.  3. 

Mie.  The  rock  consists  of  olivine,  enstatite,  and  augite.  The 
olivine  is  for  the  most  part  serpentinized  ;  the  decomposition  is  of 
the  usual  type  aloug  the  cleavage-cracks.  The  serpentine  is 
greenish,  sometimes  showing  a  reddish  iron-staining.  Where  the 
augite  shows  change  it  is  in  the  shape  of  an  advancing  cloudiness. 
The  enstatite  is  fairly  fresh,  but  shows  a  little  of  the  usual  bastitic 
alteration.  Octahedra  of  magnetite  occur.  There  are  also  a  few 
flakes  of  biotite ;  and,  quite  rarely,  narrow  laths  of  plagiodase. 
The  rock  is  interesting  as  an  example  of  the  ultra-basic  type. 

Vieiniiy  of  Kterksdorp. 

Locality  :  ten  miles  north  of  Klerksdorp.  Intrusive  mass 
occupying  the  floor  of  a  broad  valley  between  two  sedimentary 
series,  usually  regarded  as  being  of  Witwatersrand  age. 

No.  25. — Meg.  A  holocrystalline  rock  of  fine  grain.  Dark-grey 
in  colour.     Sp.  gr.  2-96. 

Mie.  Shows  numerous  plagiodase  ciystals  of  small  and  medium 
size,  among  which  are  disposed  fairly  large  crystals  of  augite,  light 
yellowish -brown  in  colour,  twinned  and  herring-boned ;  also,  larger 
irregularly -shaped  crystals  of  enstatite ;   neither  augite  nor  enstatite 
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haWng  definite  outline.  The  greater  stability  of  the  augite,  as 
oompared  with  the  enstatite,  is  very  noticeable,  this  last  showing 
advanoed  bastitic  change.  The  felspar  crystals  are  in  good  condition. 
They  consist  of  labradorite.  Many  show  beautiful  zoning,  the 
sones  varying  in  constitution,  and  usually  following  the  rule  of 
increase  in  acidity  on  passing  from  core  to  crust  Sometimes, 
however,  relatively  basic  and  acid  zones  are  seen  to  regularly 
alternate.  Ilmenite  occurs,  sparingly,  in  regular  plates,  and  there 
are  a  few  scattered-  irregular  grains  of  magnetite.  It  is  interesting 
to  oompare  this  rock  with  Nos.  20  and  21  from  beyond  Pretoria. 

No.  26. — Locality:  steep,  rocky  hill  behind  the  old  town  of 
Klerkadorp,  west  of  the  Schoon  spruit. 

Meg.  A  rock  with  dark-blue,  stony  ground  in  which  lie  opaque, 
white,  quadrangular  crystals  and  glassy  -  looking  blebs.  The 
strooture  is  typically  porphyritic.  The  weathered  surface  is 
looriaoeous-looking,  owing  to  the  weathering  out  of  the  porphyritic 
oiystals ;  it  is  inclined  to  rustiness  in  colour.     Sp.  gr.  2*56. 

Mie.  The  ground-mass  is  micro-felsitic,  with  some  residual  glass. 
Its  more  transparent  portions  show  vague  and  ghost-like  crystalline 
outlines,  as  though  the  excessively  fine  granules  were  on  the  way 
to  crystalline  form.  The  phenocrysts  are :  (a)  Quartz,  its  crystal 
oatlines  rounded  off  by  the  magma;  the  crystals  cracked  and 
showing  occasional  inclusion  of  the  ground-mass,  {h)  Felspar: 
iDQcb  decomposed,  shows  albite  twinning,  sometimes  of  exceeding 
fineness ;  this  is  sometimes  associated  with  pericline  twinning.  It 
may  be  regarded,  provisionally,  as  an  acid-oligoolase.  The  edges 
show  irregular  corrosion,  and  there  are  inlets  of  the  ground-mass 
within  the  crystals,  (c)  Orthoclase :  in  simple  Carlsbad  twins, 
clouded  like  the  foregoing,  the  crystal  edges  slightly  rounded,  but 
not  worm-eaten-looking  as  in  the  case  of  the  plagioclase.  (d)  Nearly 
opaque  crystals  of  hornblende  ;  relics  of  magmatic  corrosion.  They 
are  recognisable  by  the  shape  of  their  cross-sections  and  cleavage- 
fragments,  {e)  Pseudomorphs  of  green  chlorite,  following  augite. 
These  show  a  narrow,  dark  resorption-border.  Specks  of  magnetite 
and  grains  of  calcite  are  to  be  seen  in  the  chlorite.  The  rock  is 
interesting  as  a  relatively  acid  type  of  eruptive,  and  may  be  classed 
as  a  quartz-porphyry. 

No.  27. — Locality  :  about  eight  miles  N.N.E.  of  Elerksdorp. 

Meg.  A  bluish-black  rock  of  fine-grained  groundwork,  which 
includes  many  fine,  angular,  glassy  fragments.     Sp.  gr.  2*68. 

Mie.  The  rock  consists  of  crystalline  fragments  and  lapilli 
cemented  together  by  a  glassy,  tufaceous  matrix.  The  crystalline 
fragments  consist  chiefly  of  quartz ;  they  are  sometimes  rounded, 
but  more  often  are  irregular  in  shape  and  sharply  angular.  The 
fragments  contain  the  strings  of  inclusions  of  the  type  seen  in 
granitic  quartz.  Here  and  there  are  crystalline  aggregates  of  pyrites, 
and  fragments  of  microcline  and  pleigioclase.  The  lapilli  vary 
a  good  deal  in  size.  A  piece  of  one  large  one  flanks  the  whole 
section.  It  consists  of  an  interlacing  framework  of  plagioclase  bars, 
whose  meshes  are  filled  by  opaque,  unindividualised,  g\a&A^  m^VV^x^ 
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wliich  ii  being  epowMMhed  upon  bj  the  amiomiing  erffaJa,  Ib^ 
of  the  tnuHer  Impllli  ihow  a  nnular  ttmotare.  Otiiera  eonrist  m 
a  moMic  of  quarts  giaiaiy  probably  widi  felspadiio  ones  intennizBd; 
the  moaeioe  of  varying  gialn,  some  being  eoaner  tliaii  othm. 
A  little  oelcite  is  proeeni  in  imgolar  patchei. 

We  haTe  mobebly  bero  to  do  with  a  fine  ^oloanio  braoeU. 

NoTB. — My  time  at  Klerkedoip  was  limited ;  flie  neigbbomliood 
is  interesting,  and  appears  to  be  one  sromud  wbkik  oonsiderable 
Tolosnio  sotiTity  hss  been  fbeomed. 

Na  28.— An  obsidian.  This  does  not  ftll  within  the  Transvaal 
Series.  It  was  giren  to  me  by  Mr.  Sydney  Byan,  who  eolleoted  it 
upon  the  Lebombo  Bsnge,  whioi  lies  in  Porta|^;nese  territory,  between 
the  eastern  border  of  the  Transrssl  and  the  Esst  Aliioaii  ooast 

Meg.    Has  the  appearanoe  of  pitch.    Sp.  gr.  2-8. 

Mie.  The  rook  consists  of  a  light-brown  glass;  x  250.  Hie 
glass  is  seen  to  be  crowded  with  trichites  disposed  slmost  ezolnsirely 
in  stellate  forms,  the  delicate  filsments  radiating  ootwards  from 
a  central  point  These  are,  in  torn,  Teiy  freqaently  arranged  in 
axiolitio  strings,  ronningin  parallelism  along  the  lines  of  flow. 
There  aro  a  few  spherolitio  groups.  They  give  the  nsoal  orosi 
in  parallel,  polarised  light  Some  of  the  crosses  break  op  into 
distinct  hyperbolas  as  the  stage  is  rotated.  A  few  rounded  oiystsls 
of  sanidine  constitate  the  only  crystalline  elements  noted.^ 


lY. — Av  OccuBBSHoa  of  SoHaBLrrx,  nbab  BABKnaYiuA,  B.O. 

By  AuBTiK  J.  R.  Atun,  Esq. 

LYINO  in  the  heart  of  the  gold  belt  known  as  the  Barkerville 
I  District,  Hardscrabble  Greek  was  disoovered  by  the  pioneer 
ETospectors  in  1867,  and  has  ever  sinoe  been  noted  for  the  number  of 
eavy  minerals  associated  with  the  gold.  Oalena  and  Tarious  iron 
minerals  were  recognized,  bnt  the  most  troublesome  was  a  heavy 
white  sabstanoe,  which  caused  great  trouble  to  the  miners  by  packing 
in  the  sluice-boxes  so  tightly  that  the  gold  was  carried  over  the 
firmly  set  particles  by  the  amount  of  water  required  to  keep  the 
riffles  clean.  An  investigation  by  an  economic  geologist  of  high 
standing  of  some  lumps  of  the  alleged  mineral  showed  it  to  be 
barium  sulphate,  and  no  examination  was  made  of  the  smaller 
particles. 

Last  Winter  the  author  was  asked  to  suggest  some  possible  way 
of  getting  rid  of  this  most  troublesome  mineral,  and  went  down  to 
see  the  workings.  While  there  some  mineral  was  noticed  that 
was  certainly  not  barytes,  and  a  careful  examination — since  checked 
many  times — showed  the  presence  of  soheelite  of  good  quality. 
Shortly  after  the  author's  examination  the  white  mineral  disappeared, 
so  he  advised  a  careful  searoh  for  the  reef,  or  deposit,  close  to  the 
face  being  worked  at  that  time.     Very  little  search  rovealed  this 

1  The  thin  sections  were  cnt  for  me  by  Mr.  Gregory,  Mineralogist,  of  Kelso  Place, 
South  Kensington. 
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fatoPMting  deposit)  the  second  instanoe  of  the  ore  being  diBoovered 
in  British  Oolombia,  and  the  only  deposit  in  the  pro^inoe  that  shows 
any  ohnnoe  of  proving  of  eoonomio  importanoe.  The  ore  oooars  in 
a  ffme  of  oonntry  rook,  altered  by  the  infiltration  of  silica  and  calotte, 
bounded  on  the  north  by  an  altered  mica-schist.  The  width  of 
Vbe  altered  sone  has  not  yet  (Aogusty  1904)  been  determined,  but  it 
hsi  been  proved  soheelitiferons  for  a  width  of  about  12  feet. 

TbB  ore  so  fax  developed  seems  to  occur  under  two  distinct 
oooditioxis,  as  an  associate  mineral  with  iron  pyrites  and  galena  in 
niall  quartz  veins ;  and  in  '  vugs '  in  the  country  rock,  sometimes 
quite  pure  and  at  others  mixed  with  a  little  quarts.  The 
undetermined  dark  mineral — columbite(?) — occurs  in  such  small 
quantities  as  to  be  of  no  value.  No  decomposition  products  of 
•oheelite  have  so  f$x  been  discovered,  although  the  enclosing  schist 
is  much  discoloured  and  altered  by  infiltering  solutions. 

The  discovery  of  this  rare  earth  in  a  place  well  known  for  so 
Biany  years  should  be  remembered  when  in  districts  which  have 
been  much  less  thoroughly  explored,  in  which  an  examination  of 
the  heavy  materiab  recovered  in  the  process  of  Placer  Mining  may 
show  rare  minerals  of  the  greatest  economic  importance. 


2TOTIOES  OIF  :m:e]^oii^s,  etc. 

Nones  ON  THE  Okology  of  Ctpbus  to  aooompant  a  Geological 
Map  ot  Gypbub.  Compiled  by  0.  Y.  Bellamy,  F.G.S.,  M.I.O.E., 
F.RM.S.,  late  Director  of  Public  Works  in  Cyprus.  Small  8vo ; 
pp.  16.  (London:  Edward  Stanford,  12,  13,  and  14,  Long 
Acre,  W.C.,  1905.    Price  6«.) 

rB  Greologioal  Map  of  Cyprus^  and  the  descriptive  text 
accompanying  it  are  the  result  of  observations  extending  over 
a  period  of  five  years  during  which  Mr.  Bellamy  was  stationed  in 
the  island.  He  acknowledges  the  assistance  he  has  received  from 
Mr.  A.  J.  Jukes-Browne'  and  Dr.  J.  J.  H.  Teall. 

The  following  is  an  abridged  account  of  Mr.  Bellamy's  description 
of  the  island  : — 

1.  Physical  Feature: — The  Island  of  Cyprus  lies  in  the  extreme 
eastern  basin  of  the  Mediterranean  Sea,  its  distance  from  the  shores 
of  Syria  on  the  east  and  Asia  Minor,  or,  as  it  is  called  locally, 
Anatolia  or  Caramania,  on  the  north  being  about  60  miles  in  each 
case.  It  measures  about  140  miles  from  south-west  to  north-east, 
and  about  60  miles  from  north  to  south;  it  contains  some  3,584 
square  miles. 

^  Printed  in  colonrt ;  size,  30  by  22  inches  ;  scale,  5|  miles  to  an  inch  (1 :  348,480). 
[The  actual  size  of  map  to  the  mar^  of  the  engraved  plate  is  24  by  18  inches.] 

2  See  also  paper  by  C.  V.  Beflamy  and  A.  J.  Jukes-Browne  read  before  the 
Geological  Society  of  London,  January  4th,  1905  (Qbol.  Mao.  for  February,  1905^ 
pp.  87-S8). 
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The  ooaBtline  is  very  irregular  and  indented  with  several 
extensive  bays,  the  chief  of  whioh  are  those  of  Famagnsta,  Lamaoa, 
Limassoly  Akrotiri,  Krysokhon,  and  MorphoQ.  About  midway 
along  the  southern  seabord  is  the  irregularly  rectangular  promontory 
of  Akrotiri,  on  whioh  is  situated  the  Limassol  Salt  Lake;  this 
promontory  culminates  to  the  south-east  in  the  conspicuous  headland 
of  Cape  Gata.  In  the  north-east  the  island  tapers  off  into  the 
remarkable  peninsula  of  the  Oarpas,  which  is  some  50  miles  long 
and  nowhere  more  than  7  or  8  miles  wide,  terminating  in  Cape 
Andreas,  off  which  is  situated  the  group  of  barren  rocky  pinnacles 
comprising  the  Elides  Islcmds. 

South  of  Famagusta  is  the  rugged  headland  of  Cape  Oreco, 
backed  by  a  table-topped  rook,  a  striking  feature  to  navigators, 
while  at  the  western  and  north-western  end  of  the  island  are  Cape 
Epiphanies  or  Acamas  and  Cape  Eormakiti. 

The  island  is  very  mountainous.  Along  the  northern  seabord 
stretch  the  Eyrenia  Mountains  from  Cape  Eormakiti  until  the 
Carpas  commences,  and  many  of  their  summits  exceed  2,000  feet  in 
height,  the  range  culminating  in  Buffamento,  3,185  feet  In  the 
south-west  central  portion  of  the  island  rise  the  great  masses  of  the 
Troodos  Adelphi  and  Olympus  Mountains,  the  summit  of  the  first 
being  Mount  Troodos  or  <  Ehionistra,'  6,406  feet  above  the  sea. 
The  general  trend  of  the  mountain  ranges  is  in  an  easterly  and 
westerly  direction. 

Between  these  two  ranges  lie  the  central  plaius  of  the  Mesaoria 
extending  from  Morphou  on  the  west  to  Famagusta  on  the  east 
These  lands,  which  comprise  the  washings  of  centuries  from  off  the 
adjoining  mountain  slopes,  are  of  great  fertility  and  are  given 
over  to  the  cultivation  principally  of  cereals,  to  which,  indeed,  the 
whole  of  the  low  country  is  devoted.  The  mountain  slopes  are 
appropriated  to  the  cultivation  of  the  vine,  and  the  summits  are 
clad  in  pine-trees,  ilex,  arbutus,  juniper,  eta  The  deep  and  narrow 
valleys  whioh  seam  the  mountains  enjoy  great  richness  of  soil,  whioh 
yields  suooessive  crops  of  wheat,  barley,  cotton,  maize,  millet, 
potatoes,  etc.,  and  supports  the  olive,  mulberry,  cherry,  hazel, 
walnut,  ^g,  apricot,  apple,  and  fruit  trees  of  various  kinds. 

The  geology  of  Cyprus  was  dealt  with  exhaustively  by  M.  Albert 
Gaudry  in  the  ''Memoires  de  la  Sooiete  G^logique  de  France," 
ser.  II,  vol.  vii  (1862),  to  whioh  a  map  was  attached,  but  the  latter 
was  compiled  from  a  previously  existing  rough  survey  of  the  island 
of  doubtful  accuracy.  Other  writers  include  MM.  linger  and 
Eotsoby,  **  Die  Insel  Cypern  "  (Vienna,  1865),  and  Mr.  R.  Russell, 
C.E.,  in  a  ''  Report  on  the  Existing  Water  Supply  of  the  Island  of 
Cyprus  "  (Foreign  Office,  1881). 

A  map  of  the  island  on  a  scale  of  one  inch  to  a  mile,  prepared 
from  a  trigonometrical  survey,  executed  under  the  direction  of 
Captain  H.  H.  Eitchener,  R.E.,  was  published  in  1882.  A  smaller 
map,  reduced  from  the  Government  Survey,  has  furnished  the 
author  with  a  basis  for  the  geological  map  noticed  in  this  key. 
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TABLE  OP  FORMATIONS. 


AOE. 


Cietaceous. 


Holiest 

Creteoeoiuand 

LoverEocene. 

ITpper  Eocene. 


Not  represented  in  Cypms. 


Break. 

Pliocene  and 
Pleistocene. 


Cha&acteb. 


Compact  ]imestone,marble, 
etc.,  and  associated 
igneous  rocks. 


Sandstone,  shales,  grey 
marls,  conglomerates, 
and  breccia. 


Grey  marls,  yellow  and 

grey-green  clays,  gypsum, 

selenite,  dabaster,  etc. 

Tabular  white  calcareous 

marls,  chalk,  flint,  sub- 

crystdline  limestones. 

Igneous   rocks    of   the 

Calcareous  sandy  lime- 
stone, hard  or  friable. 
Sands,  conglomerates, 
alluTium. 


DiSTSIBUTION. 


£yrenia  Mountains 
and  Paphos  District. 


Flanks  of  the  £yrenia 

Mountains,   north 

and  south  side  of 

Central       Plains, 

Carpas,  and  Paphos. 


North  coast,  Carpas, 
norUi  and  soutu  of 
Central  Plains, 
north,  east,  south, 
and  south-west  of 
Troodos  Bange. 

central  and  southern 

Low  country  gener- 
ally, coast  li^rals. 
Central  Plains, 
Foot  Hills,  etc. 


Local  Definztton. 


Trypanian,  derived 
from  Trjrpa  Vouno, 
a  summit  of  the 
Kyrenia  Range. 


Eythrsean,  from 
Kythrsa,  in  the 
neighbourhood  of 
which  this  series 
reaches  its  greatest 
deyelopment. 

Idalia  beds,  deriyed 
from  Dali,  ancient 
Idalia,  where  these 
marls  reach  marked 
deyelopment. 

Athienou  stone,  etc. 

areas. 

Kyrenia  rock,  Nicosia 

Beds,  Ag.Paraskeyi, 

Famagusta,     Cape 

Pyla,  and  Ag.  Phyla 

Stone. 


2.  Trypanian  Limestone  of  the  Kyrenia  Mountains,  etc.  ( Cretaceous). 
The  areas  occupied  by  this  formation  are  indicated  on  the  map  in 
pink.  The  Kyrenia  Mountains  constitute  the  northern  rampart  of 
the  central  plains  of  the  island,  and  commence  at  a  point  about 
6  miles  eastward  of  Gape  Kormakiti  on  the  northern  seabord.  The 
spot  is  known  as  'Skasmata,'  a  term  suggestive  of  the  peculiar 
physical  features  of  the  neighbourhood.  From  this  point,  for  a 
distance  of  28  miles,  the  range  trends  in  a  direction  east  by  south, 
and  in  the  neighbourhood  of  Kythraea  changes  towards  east  by 
north  for  30  miles  to  Komi  Kebir  at  the  commencement  of  the 
Carpas.  Though  its  extreme  length  is  58  miles  the  formation  is 
nowhere  more  than  3  miles  wide,  and  as  the  summits  of  the  range 
frequently  reach  an  altitude  of  between  2,000  and  3,000  feet,  some 
idea  may  be  gathered  of  the  precipitous  nature  of  these  mountain 
slopes. 

The  whole  of  this  range  consists  of  hard  compact  limestones, 
except  for  occasional  intrusions  of  igneous  rock,  and  with  the 
exception  of  a  small  outlier  near  Akourso  in  the  Paphos  District, 
these  limestones  are  not  encountered  in  any  other  part  of  the  island. 
The  characteristics  are  compact  limestones  and  marbles  of  several 
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kinds :  white,  oream  ooloiir»  or  veined  with  yellow.  They  are 
vanelly  very  hevd»  and  indade  a  large  variety  oapable  of  yielding 
decorative  stone  of  oonsiderable  beaaty. 

o  o  o  o  o  o 

These  limestones  and  shales  are  the  oldest  rooks  in  Oyprus,  and 
form  the  foundation  on  whiofa  the  rest  of  the  island  has  been  bnilt 
«p.  Gaudry  remarked  that  they  bear  mnoh  resemblanoe  to  the 
OretaoeoQS  rooks  in  other  parts  of  the  eastern  Mediterranean  basin* 
He  oomnared  them  with  the  Hippnrite  Limestones  of  Attioa,  ainoe 
assigned  to  the  Oretaoeoos  age,-  and  estimates  their  thioknoH  at 
6,6^  feet  There  is  a  striking  and  apparently  entire  absenoe  of 
fossil  remains  in  this  formation,  whioh  oaoses  some  donbt  aa  to  its 
oorreot  olassifioation. 

At  intervals  along  the  axis  of  the  Kyrenia  Mountains  there  ooonr 
masses  of  igneooa  rooks  whioh  have  intruded  into  or  through  the 
limestones.  These  are  coloured  brown  on  the  map.  Their  presenee 
may  be  responsible  for  the  produotioh  of  the  more  crystalline 
varieties  of  limestone  by  oontaot-metamovphism,  but  the  general 
compression  and  uptilting  of  the  beds  has  prdiably  been  accomplished 
by  earth-movement  whioh  produced  the  long  antioliual  axis  of 
the  chain,  and  so  steep  is  the  angle  of  this  axis  that  the  beds  are 
frequently  in  a  nearly  vertical  position. 

Specimens  recently  collected  and  submitted  to  Dr.  Teall  include 
augite-biotite- syenite,  ophitic  olivine -dolerite,  and  decomposed 
liparite,  from  the  gorge  of  the  Panagra  Biver  near  Myrtou ;  rhyolite 
or  white  quartz-felsite  near  Pentadactylos ;  with  jasper  from  near 
Bnffamento  and  other  localities. 

8.  The  Kythraan  8erie$  (Upper  Eocene), — This  is  a  formation  of 
sandstone  and  shales.  It  is  indicated  on  the  map  by  a  green  tint, 
and  its  beds  flank  the  northern  mountains  both  along  ^eir  north 
and  south  sides,  extending  from  Oape  Andreas  on  the  east  to 
Morphou  Bay  on  the  west;  they  also  occur  on  the  southern  and 
western  slopes  of  the  southern  or  central  range. 

o  o  o  o  o  o 

The  greatest  development  to  whioh  these  beds  attain  ooours  in 
the  neighbourhood  of  Kythrsoa,  consequently  it  has  been  considered 
convenient  to  call  them  the  'Eythrasan  Series.'  They  consist  of 
calcareous  sandstone  shales,  brown,  grey,  or  grey-green  in  hue,  and 
on  the  southern  slopes  of  the  Kyrenia  Range,  where  they  are  most 
marked,  present  a  series  of  billowy  undulations,  whioh,  since  the 
British  occupation  of  Cyprus,  have  been  known  as  the  '  Hummocks/ 

The  conglomerates  of  this  series  are  seldom  found  except  on  the 
slopes  of  the  Kyrenia  Mountains  in  the  neighbourhood  of  the 
Trypanian  limestones;  they  contain  fragments  of  rook  whioh 
undoubtedly  belong  to  the  latter,  but  have  been  separated  therefrom 
and  incorporated  in  the  more  recent  formation.  The  best  instances 
of  the  ooourrence  of  these  conglomerates  are  at  St.  Catherine's  Pass, 
the  Akanthou  Gap,  and  east  and  west  of  the  village  of  Akanthou ; 
they  have  not  been  observed  in  any  force  elsewhere.    Their  con- 


Notices  of  Memoirs — Bellamy* s  Map  of  Cyprus.         121 

ilftiientB  are  prinoipally  water- worn  fragments  of  Tiypanian  lime- 
ikoDes,  marblMy  and  flints. 

Tbe  breooias  are  oompoanded  of  unworn  fragments  of  the  older 
Tiypanian  limestones,  and  are  of  frequent  ooourrenoe  along  the 
flanks  of  the  Eyrenia  Mountains.  They  vary  in  hue  and  are  either 
Uoe,  pinky  yellow,  brown,  or  white,  and  at  times  they  combine 
hagments  of  all  these  varieties,  producing  an  agreeable  effect. 
o  o  •  «  o  o 

No  fossil  remains  have  yet  been  found  in  any  part  of  the 
Kythrsean  Series. 

Gandry's  description  of  these  beds,  as  corresponding  with  the 
Hacignos  of  Italy,  would  appear  to  place  them  alongside  the  tassello 
or  allied  to  the  Vienna  sandstones  or  'Flysch.'  They  belong 
probably  to  the  Upper  Eocene  series.  Having  regard  to  the 
nsqnent  flexures  and  undulations  of  these  beds,  I  doubt  if  their 
tUdmsH  amounts  to  more  than  2,000  feet,  though  Oaudry  put  it 
at  6,000. 

4.  The  Idalian  Series  (Oligoeene). — Probably  the  most  characteristic 
of  the  geological  formations  represented  in  Cyprus  are  the  grey 
friable  and  the  white  calcareous  tabular  marls,  the  latter  of  intense 
whiteness.  Occasionally  they  pass  into  pure  chalk,  and  in  many 
looalities  contain  quantities  of  flint — pink,  greenish,  or  translucent — 
ooonrring  in  bands  of  from  four  to  six  inches  in  thickness.  In  the 
grey  marls  of  the  Oligooene  are  intercalated  large  masses  of  gypsum 
sod  selenite,  but  their  prevailing  characteristic  is  friable  matter, 
yellow,  brown,  or  grey-green,  of  the  consistency  of  clay. 

These  two  groups  of  beds  are  distributed  all  over  the  island,  and 
are  indicated  on  the  map  by  a  yellow  tint.  The  white  marls  reach 
their  greatest  development  on  the  southern  side  of  the  great  igneous 
masses  of  the  Troodos  Range.  From  the  neighbourhood  of  Eophino 
and  Lefkara  right  through  the  southern  slopes  of  these  hills,  they 
are  in  great  force. 

It  may  be  remarked  that  the  white  marls  occupy  that  part  of 
the  island  where  the  best  wine  comes  from.  The  so-called  *  Wine 
Tillages ' — Ag.^  Ambrosios,  Mallia,  Yasa,  Omodhos,  Eilani,  etc. — are 
all  within  this  area,  and  in  this  neighbourhood  the  aspect  of  the 
country  resembles  the  wide  rolling  downs  and  chalk  hills  of 
Wiltshire,  but  the  illusion  is  dispelled  when  one  perceives  the  deep 
gorges  with  their  precipitous  sides  in  which  the  torrents  flow. 

The  intense  whiteness  of  these  tabular  marls  has,  no  doubt, 
a  considerable  influence  upon  the  temperature  of  tbe  atmosphere 
over  the  region  where  they  are  found.  The  glare  from  the  white 
soil  is  extremely  painful  to  the  eyes,  necessitating  the  use  of  coloured 
glasses  to  protect  them ;  and  the  heat  thrown  back  from  the  bare 
white  rocks  is  frequently  intolerable,  aggravated  as  it  is  by  the 
infrequency  of  foliage  and  shelter-giving  trees. 

In  the  neighbourhood  of  Dali,  where  the  conspicuous  development 

*  Ag.  (incorrectly  printed  "  Ay."  in  Mr.  Bellamy's  Key  to  the  Map  of  Cyprus)  w 
a  contraction  for  *'A7to5,  Haghios,  =  Saint,  prefixed  to  many  names  ot  towna  and 
Tillages  in  Cyprus.— £i7ir.  Geol,  Mao. 
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of  white  marls  and  limestones  wonld  seem  to  have  anggeeted  to 
Bussell  the  adoption  of  the  term  'Idalian*  to  define  them,  great 
rounded  hills  ocour  in  a  sacoession  of  undulations  extending  from 
the  neighbourhood  of  Margi  on  the  west  to  Athienou  on  the  easti 
parallel  with  the  Idalia,  or  Talias  RiTen 

At  Athienou  these  beds  pass  into  a  massive  granular  limestone, 
of  finer  quality  and  less  density,  whioh  yields  a  very  useful  material 
known  as  Athienou  Stone,  easily  out  and  muoh  used  in  the  manufacture 
of  a  number  of  different  utensils  for  domestic  purposes. 

Near  Psathi,  oompact  and  massive  beds  of  fine-grained  gypsum 
of  straight  oleavage  are  worked  for  the  extraction  of  paving  slabs 
known  as  *  marmoras.'  Their  cleavage  is  very  true  and  even,  and 
their  texture  is  suoh  that  they  can  be  cut  with  a  saw  and  smoothed 
with  a  plane.  These  beds  also  contain  a  quantity  of  native  sulphur, 
in  veins  and  nodules. 

Ochres  are  found  principally  at  Mavrovouni  near  Lamaoa,  and 
also  near  Limassol,  where  they  are  worked  for  terra  umbra,  a  con- 
siderable export  trade  in  which  is  carried  on. 

Fossil  remains  are  not  numerous,  except  among  the  white,  compact, 
chalky  marls,  which  contain  a  few  shells  and  Echinoderms  similar  to 
those  to  be  met  with  in  Malta  and  Sicily.  Some  of  the  limestones, 
however,  are  largely  made  up  of  the  minute  shells  of  Foraminifera, 
and  resemble  the  Globigerina  limestones  of  Malta. 

With  regard  to  thickness,  it  is  not  easy  to  give  an .  estimate 
because  of  the  frequent  flexures,  but  they  probably  range  from 
1,500  to  2,000  feet. 

5.  The  Igneom  Bocks  of  the  Central  Mountains, — ^These  rocks  form 
a  tract  of  mountainous  ground  whioh  extends  for  a  distance  of  about 
60  miles,  with  an  average  breadth  of  17  or  18  miles.  It  includes 
the  mountain  groups  known  as  the  Machera  on  the  east,  the  Adelphi 
and  Troodos  Eanges  in  the  centre,  and  the  Tilly ria  Mountains  on 
the  west ;  it  extends  from  a  point  a  few  miles  to  the  north-west  of 
Jjarnaca  to  the  shores  of  Morphou  and  Erysokhou  Bays  in  a  con- 
tinuous mass.  North-east  of  Larnaca  is  an  inlier  in  the  neighbour- 
hood of  StrouUoB  and  Mavrovouni,  and  another  smaller  isolated 
outcrop  occurs  near  Petrophani  to  the  westward  of  Athienou  on  the 
luain  road,  and  about  half-way  between  Nicosia  and  Larnaca. 

In  the  district  of  Paphos  and  in  the  extreme  western  end  of  the 
island  are  other  outcrops,  such  as  that  near  Fontana  Amorosa,  near 
Ag.  Epiphanios,  Cape  Acamas ;  at  Ag.  Ismenas,  Ag.  Yeorghi,  Cathika, 
and  Akourso. 

The  central  mountains  are  the  highest  ground  in  the  island,  and 
include  the  great  dome-shaped  mass  of  Troodos,  the  summit  of 
which,  ^  Chionistra,'  is  6,406  feet  above  the  sea,  and  the  Adelphi 
Kange,  whioh  culminates  in  a  height  of  5,305  feet. 

The  areas  occupied  by  these  rooks  are  coloured  brown  on  the  map. 

The  ophitic  rooks  Gaudry  calls  ophi tones  and  spilites.  These 
terms  are  now  obsolete,  but  were  formerly  applied  to  the  rocks 
which  are  now  known  as  diabase  and  dolerite;  he  also  describes 
a  spherulitic  rock,  which  seems  to  correspond  with  that  now  known 
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4M  variolite.    These  are  all  oompoBed  of  labradorite^felspar  and 
aogite.     Aphanites,  or  fine-grained  diabases,  also  ooour. 

Basaltio  rooks  are  of  frequent  occurrence,  especially  in  the  Tillyria 
■^fitfcriot;  specimens  obtained  there  by  me  have  been  identified  by 
Br.  Teall  as  basalt,  and  one  as  augitite,  a  rook  of  the  limbnrgite 
group,  bat  without  any  olivine. 

The  serpentine  rocks  occupy  the  region  of  the  highest  mountains 
-of  Troddos,  and  are  bounded  by  Trodditissa  on  the  south  and 
Evryohoa  on  the  north,  while  they  also  occur  at  Phinicarga,  Akourso, 
Cathika,  Ag.  Nicola,  and  Ag.  Aoonas  in  the  Acamas.  On  the  south 
and  east  slopes  of  Troodos  they  are  fibrous  and  laminar  in  texture, 
and  contain  asbestos. 

The  eupholites  or  felspathic  serpentines  form  an  intermediate 
itage  between  the  serpentine  and  granitone  or  euphotide,  and  abound 
on  the  side  towards  Prodromes. 

The  gabbros  are  found  towards  Evrychou  and  from  Prodromes  to 
Akourso.  They  occur  in  bands  among  the  masses  of  diabase  and 
^)hanite8  about  Eykkou  and  again  at  Ag.  Nicolaos  in  the  Acamas. 

Diabase  is  the  variety  most  prevalent  among  the  igneous  rooks  of 
Ojprus.  They  are  generally  fine-grained,  of  a  grey-green,  blackish, 
or  doll-gpreen  hue;  frequently  much  weathered,  broken  up  and 
decomposed,  particularly  in  the  neighbourhood  of  the  sedimentary 
rocks. 

Where  the  Pliocene  rooks  rest  on  these  igneous  rooks  they  are  not 
altered,  and  this  fact  proves  that  the  intrusion  of  the  volcanic  rocks 
took  place  in  the  interval  between  the  formation  of  the  Oligooene 
and  Pliocene  rocks  of  Cyprus. 

6.  PUoeene  and  Pleistocene. — The  deposits  comprised  in  the  more 
recent  formations,  namely,  the  Pliocene  or  later  Tertiary,  and  the 
Pleistocene  or  Quaternary  strata,  are  indicated  on  the  map  by 
a  blue  tint. 

They  extend  over  the  Central  Plains,  the  coast  littorals,  and  are 
distributed  over  the  foot  bills  and  low  country  generally,  and  they 
rest  nnoonformably  on  all  the  older  rocks.  The  Pliocene  is 
represented  by  calcareous  sandstones,  conglomerates,  sands,  and 
calcareous  tufa,  while  the  Pleistocene  beds  comprise  principally 
gravels,  travertine,  the  alluvial  deposits  of  the  Mesaoria,  and  the 
raised  beach  sandstones  of  the  sea-shore.  They  may  be  classified 
under  the  following  heads,  namely  : — 

Kyrenia  Rock )  ^  ,  ,  .  ,        . 

Nicosia  Beds   I  Calcareous  sandstones  and  marls. 

Raised  beaches. 
Conglomerates. 
AUuvium. 

The  two  first  names  were  adopted  by  Eussell  to  indicate  certain 
variations  of  the  same  formation,  soft  limestones  formed  from 
calcareous  sands  and  consisting  almost  entirely  of  minute  organic 
debris,  small  worn  fragments  of  shells  and  other  marine  organisms, 
loosely  compacted  together  and  containing  a  small^  percentage  of 
quartz  sand.     Both  are  of  Pliocene  age. 
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The  beds  Tuy  eUgbtly  in  texture,  eoliietiiiiee  oonipeot  and 
durable,  and  at  other  timee  aoft»  friable,  and  aoiling  toe  haoda.. 
They  are  almoet  invariably  disposed  in  horiiontai  beda»  having: 
a  surfaoe  ooating  or  crust  of  tafn-like  oaibonate  of  lime.  They 
vary  also  in  oolonr  between  light  yellow  to  reddish  brown,  bnt  ita 
hne  is  seldom  any  criterion  for  its  teztore.  Those  beds  are  foond 
principally  at  Eyrenia,  a  little  to  the  west  of  the  town,  at  the  hill 
of  Ag.  Paraskevi,  Nicosia,  at  IVunsgnsta,  near  Gape  Fyla»  and  CSape 
GkUa,  where  the  quality,  appearance,  and  textnre  are  all  Tsry 
similar,  namely,  semi-compacted,  baff-coloored,  and  easily  worked 
with  the  tool. 

At  Yeri  a  darker,  harder,  and  finer-grained  material  oconrs.  Near 
Elalopsyda  and  Eonklia  sepia-ooloored,  fine-grained,  friable  foee* 
stones  are  found  in  extensive  massos  Near  Strongylo  and  Vatili 
they  are  straw-colonred,  very  friable,  and  fine-grained,  having  little 
or  no  durability.  Near  Eyia  is  a  coarse-grained  rook,  reddish  or 
brownish  in  hue,  and  of  a  durability  equalling,  if  not  surpassing^  that 
of  the  Ag.  Paraskevi  rock. 

At  Ag.  Phyla,  near  Limassol,  are  extensive  quarries  of  a  fine- 
grained, light-yellow,  compact  stone,  possessing  many  good  qualities. 
At  Papbos  the  texture  is  coarse,  less  compact,  and  more  friable  than 
is  found  among  the  coarse-grained  qualities.  It  is  dark  brown  in 
colour.  At  Skonlli,  in  the  viJley  of  the  Erysokhou  Biver,  a  compact, 
fine-grained,  light-yellow  rock  is  found  with  horiaontal  veins  or 
bands  of  «lark-grey  or  greenish-grey  matter. 

From  Terolakko,  on  the  west  of  Nioosia,  following  the  banks  of 
the  Pedias  River  as  far  as  Deftera,  are  large  masses  of  the  fine 
friable  yellow  variety,  changing  towards  Aradiou  into  a  clayey  sand, 
alternately  dark  brown  or  grey  green,  suggestive  of  the  presence  of 
glauconite.  The  argillaceous  beds  near  Deftera  contain  numeroua 
Oyster  shells — 0.  edulis. 

Towards  Laxia,  south  of  Nioosia,  are  extensive  deposits  of  oyster 
shells,  from  the  abundance  of  which  is  derived  the  name 
*  Ostrakoudhies,'  given  to  a  prominent  hill  on  the  west  side  of  the 
main  road  from  Nioosia  to  Limassol.  Great  masses  of  friable  rock 
are  found  towards  Ag.  Sogomeuos,  where  the  texture  is  very  variable 
and  has  produced  striking  results  during  the  process  of  weathering. 

7.  Brief  Summary  of  the  Phymeal  Hietory  of  the  Island.  —  The 
oldest  strata  represented  in  Cyprus  are  the  T^panian  limestones, 
the  oharaoteristio  element  of  Uie  Eyrenia  Mountains.  They  have 
been  assigned  to  the  Cretaceous  age,  and  form  the  foundation  or 
platform  on  which  the  newer  rooks  have  been  laid  down.  Apparently 
they  formed  part  of  an  ancient  land-surface  during  the  greater  part 
of  the  Eocene  period.  Then  came  a  subsidence  of  this  land  beneath^ 
the  sea,  and  in  this  sea  were  deposited  the  sandstones  of  the 
Eythrsean  Series,  which  is  referred  to  the  latest  part  of  the  Eocene 
period. 

The  absence  of  fossil  remains  in  the  older  strata  led  some^ 
Continental  geologists  to  believe  that  their  deposition  took  place  at 
so  great  a  depth  under  the  sea  as  to  be  below  the  zone  of  life^ 
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WMnmably  in  Mediterranean  watera ;  but  so  far  as  the  EythrsBan 
Mds  are  oonoemed  this  is  disproved  by  the  disoovery  of  tests  of 
Olobigerina  in  a  slioe  of  Maoigno  by  Mr.  Jakes-Browne.  The  gpritty 
material  of  these  oalcareous  saodstones  is,  however,  of  voloanio 
€i%in ;  they  may,  in  faot,  be  aocamulations  of  voloanio  dast  and 
-felapathio  grit  ejected  from  a  volcano,  and  spread  out  over  the 
•e**floor  of  the  period. 

The  absence  of  organic  remains  in  the  Tiypanian  limestones  may 
be  aooonnted  for  by  marmorosis  and  other  metamorphio  changes 
which  have  taken  place  since  they  were  originally  deposited. 

Above  the  Eythrasan  Series  come  the  grey  Oligocene  marls, 
containing  gypsum  and  alabaster,  and  above  these  the  white 
(Idalian)  marls  and  chalks,  which  prove  that  the  subsidence  had 
<x>ntinned  nntil  the  water  was  of  great  depth  and  deposits  similar 
to  modem  oceanic  oozes  could  be  formed.  The  subsidence  was 
brought  to  an  end  by  an  epoch  of  volcanic  disturbance  accompanied 
by  general  upheaval.  The  Pliocene  strata  of  Cyprus  rest  uncon- 
formably  upon  the  older  rocks,  and  moreover  they  belong  to  the 
younger  members  of  that  series,  so  that  here  we  have  a  second  break 
in  the  geological  history  of  the  island.  During  this  interval,  and  at 
a  time  corresponding  with  the  early  Pliocene  stage,  the  igneous 
locks  would  appear  to  have  emerged  and  the  mountain  ranges  came 
into  existence,  only  the  summits  of  which,  however,  then  showed 
above  the  sea,  constituting  groups  of  islands,  now  the  Troodos 
Mountains  on  the  south  and  the  Eyrenia  Hills  on  the  north. 
Among  these  islands  spread  the  waters  of  the  Pliocene  sea,  beneath 
which  the  sandstones,  conglomerates,  and  associated  strata,  all 
fruitful  in  fossil  remains,  were  being  deposited.  Subsequently  the 
waters  receded  and  revealed  the  island,  whose  emergence  may  have 
been  perpetuated  in  the  fable  of  Aphrodite  rising  from  the  waves. 
This  introduced  the  Pleistocene  period.  Later  came  high  elevation 
and  torrential  floods,  which  were  responsible  for  much  of  the  land 
acnlptnre,  and  which  changed  the  physical  aspect  of  the  country 
into  the  condition  in  which  it  is  now  found.  May  it  not  be  assumed 
that  this  event  also  is  still  recorded  in  the  annual  ceremony  of  the 
*  Eataklysmos '  ? 

Eecent  discoveries  in  Egypt  and  Syria  indicate  that  in  early 
Pleistocene  times  there  existed,  to  the  south  of  Cyprus,  a  great 
inland  sea,  leaving  dry  land  all  around  Cyprus,  which  connected 
it  with  the  mainland  of  Asia  on  the  north  and  with  Syria  on  the 
east.  It  was  at  this  period  that  the  mammalia,  whose  remains  have 
recently  been  discovered  by  Miss  D.  M.  A.  Bate  in  the  Pleisto- 
cene deposits  of  the  caves  among  the  Eyrenia  Mountains,  made 
their  way  over  from  the  mainland.  They  were  no  doubt  denizens 
of  the  great  plains,  now  submerged,  which  separated  the  mountains 
of  Cyprus  from  those  of  Syria  and  Asia  Minor,  and  whose  grazing- 
grounds  were  subsequently  restricted  to  the  estuaries  of  the  Pedias 
and  Talias,  where  now  stretch  the  fertile  corn  lands  of  the  Eastern 
Meeaoria. 

8.  Eeonom%c$. — The  industrial  uses  to  which  the  Tooka  of  C^^txsa 
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are  put  are  nnmeroiiB  and  ▼aried,  and,  aceordiDg  to  tradition,  the 
island  poaseflsed  at  one  time  great  mineral  wealth,  bat  there  are  now 
few  indioationa  of  the  preaenoe  of  ore  of  any  description  in  quality 
or  quantity  saffioient  to  enoonrage  systematio  mining  operations. 

llie  following  are  among  the  principal  prodaots  of  the  rocks  of 
Cyprus : — 


Formation. 


Tbtpanian  Limbbtone 

(Cretaceous). 


Igneous  Rocks. 


Etthraan  Series 
(Eocene). 

Gkbt  Marls 
(Oligocene). 


White  Tabular  Marls 
(Oligocene). 


Fliocexe  axd 

Pleistocene. 


Pboduots. 


Marble  of  Tarious  kinds,  formerly  nsed  by  the  andent* 

in  their  temples  and  palaces. 
Lime,  produced  at  Kytnnea,  Dikomo,  Eazaphain,  etc.. 
Clay,  used  for  coTering  the  flat  roofs  of  the  natiTe  houses. 

Copper,  according  to  tradition.     The  only  mine  now 

working  is  at  Lymni,  in  the  Paphoe  District. 
Iron  pyrites  in  abundance. 
Asbestos,  among  the  serpentines  of  Troodos. 
Puzzolana. 
Terre  Terte. 
Alum. 

Pottery  earth. 

GemH,  rock  crystal  or  '  Papho  diamonds.' 
Road-metal,  etc. 

Building-stone.    In  some  localities  a  day  is  found  con- 
taining a  small  percentage  of  carbon. 

Gypsum,  for  plaster  of  Paris. 
Alabaster  and  selenite. 
'  Marmoras '  or  paving  slabs. 
Sulphur. 

Athienou  stone,  for  fire  bricks,  hearthstones,  domestic 

utensils  of  various  kinds. 
Flint,  for  *  dhoukanis,'  a  spedes  of  threshing  implement. 
Terra  umbra. 
Building-stone. 
Road-metal,  etc. 
Mineral  springs  are  also  found  issuing  from  these  marLn 

impregnated  with  sulphur. 

Building-stone,  etc. 

Salt,  from  the  salt  lakes  of  Lamaca  and  limassol. 

The  alluvial  deposits  of  the  Mesaoria  are  remarkable 
for  their  depth  and  loamy  character,  constitating  a  soil 
of  ^^reat  fertility,  and  eminently  suited  for  the  culti- 
vation of  cereals,  etc. 


le,  E  V  I  E  •w  S. 


I. — Paljeontogbaphical  Society  op  London,  Vol.  LVIII.  Issoed 
for  1904.  (London  :  printed  for  the  Palaaontographioal  Society; 
agents,  Dulau  &  Co. ;  December,  1904.)  Containing  28  pages 
of  introdnctory  matter,  and — 
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1.  The  Fishes  of  the  Old  Bed  Sandstone,  Part  II,  No.  2 ;  by 

Dr.  B.  H.  Traquair,  F.R.S.,  F.G.S.     pp.  27,  illustrated  with 
8  plates  and  10  text-figures. 

2.  The  Cretaceous  Lamellibranohiata,  Vol.  II,  Part  1 ;  by  H.Woods, 

M.A.,  F.G.S.     pp.  56,  with  7  plates  and  6  illustrations  in 
the  text. 

3.  The    Carboniferous   Lainellibranchiata,  Vol.  II,  Part  3  ;  by 

Dr.  Wheelton  Hind,  F.O.S.    pp.  91,  with  4  plates  and  3  text- 
figures. 

4.  The  Inferior  Oolite  Ammonites,  Part  XII ;  by  S.  S.  Buckman, 

F.O.S.     pp.  103,  with  5   plates,   140  text-figures,   and   3 
supplement  plates  of  radial  lines. 

5.  The  Lower  Palaaozoic  Trilobites  of  Girvan,  Part  II ;  by  F.  B. 

Cowper  Beed,  M.A.,  F.G.S.    pp.  47,  with  7  plates. 

6.  British  Graptolites,  Part  IV ;  by  Miss  Elles  and  Miss  Wood. 

Edited  by  Professor  Lapworth,  F.B.S.     pp.  64,  with  6  plates 
and  33  text-illustrations. 

THE  volume  now  issued  is  one  of  extreme  interest,  and  is  specially 
deserving  of  attention  on  account  of  the  great  variety  of  subjects 
dealt  with  in  its  416  pages,  illustrated  by  37  quarto  plates, 
192  text-figures,  and  3  tables  of  radial  lines  of  Ammonites. 

1.  Dr.  B.  H.  Traquair,  the  archichthyologist  of  the  PalsBozoic  rocks, 
gives  us  descriptions  and  figures  of  Old  Bed  Sandstone  fishes  of 
the  genera  Fterichthys  and  Bothriolepts,  accompanying  his  descriptions 
by  admirable  restorations  in  the  text,  which  will  be  of  the  highest 
zoological  value  to  all  who  take  an  interest  in  these  very  early 
forms  of  armoured  notochordal  fishes,  to  the  study  of  which  th& 
late  Hugh  Miller  was  one  of  the  first  to  direct  scientific  attention 
and  to  attempt  to  restore. 

2.  Mr.  Henry  Woods'  descriptions  and  figures  of  species  of  Pectens 
and  Limas,  so  numerous  in  our  Chalk  formation,  will  prove  extremely 
serviceable  to  collectors  of  these  Cretaceous  molluscs.  If  we  compare 
these  seven  plates  and  text-figures  with  similar  drawings  executed 
50  years  ago,  we  cannot  but  be  struck  with  the  great  advance  made 
in  art  and  the  admirable  quality  of  the  illustrations  now  presented 
in  these  latest  volumes  of  the  Society's  publications. 

3.  Dr.  Wheelton  Hind  continues  his  work  on  the  bivalve  Mollusca 
of  the  Carboniferous  period.  The  figures  are  extremely  good,  and 
the  author  gives  carefully  prepared  tables  of  zonal  and  geographical 
distribution,  which  will  greatly  assist  the  work  of  the  Committee 
in  completing,  as  far  as  possible,  their  record  of  the  life-zones  of 
the  Carboniferous  rocks  and  the  correlation  of  their  several  horizons 
over  the  British  area.  Few  workers  at  palaBontology  in  this 
country  have  displayed  more  energy  and  earnestness  in  carrying 
out  their  special  line  of  scientific  research  than  Dr.  Wheelton  Hind, 
and  notwithstanding  his  arduous  professional  duties  there  are  not 
many  Geological  Museums,  or  localities  in  the  Carboniferous  of 
Oreat  Britain  and  Ireland  which  he  has  omitted  to  visit  for  study 
and  examination. 
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4.  Mr.  S.  8.  Bookman  gives  in  a  Supplement  to  Part  XII  a  vBTiaion 
of  and  additions  to  the  Hildooeiatidaa.  The  fignres  in  the  text,  as 
5¥ell  as  the  plates,  are  exoellent,  and  will  no  donbt  prove  of  servioe 
to  the  workers  at  Inferior  Oolite  Ammonites.  In  this  sopplemetit 
the  author  gives  in  96  pages  of  text  brief  desoriptions  of  upwards 
of  200  speoies  referred  to  51  genera  of  Hildooeratidsk  These  are 
illustrated  by  5  plates,  oontaining  187  figures,  8  supplementary 
plates  or  tables  of  161  '  radial  lines,'  and  140  figures  and  outline 
figures  in  the  text 

The  labour  involved  in  this  task  must  have  been  immense,  but 
it  may  be  doubted  whether  so  elaborate  a  system  of  speoifio 
determinations  of  a  single  family  of  Ammonites  oan  be  adopted 
and  carried  out  by  the  ordinary  museum  worker  or  the  private 
oollector.  Surely  such  minutiaB  involve  almost  a  specific  determina- 
tion and  name  for  every  single  Ammonite  discovered  in  each  bed. 
Assuming  these  Cephalopods  to  have  been  gregarious  in  their  habits, 
like  so  many  other  molluscs,  and  remembering  that  all  g^regarious 
species  have  considerable  individual  variability  among  themselves, 
it  would  seem  almost  as  feasible  to  make  numberless  speoies  of 
the  slight  variations  in  the  crowds  of  Bueeinmm,  ^Vmus,  NaaBa,  and 
Trochus,  or  the  many  coloured  Peotens  dredged  along  our  coast 
There  are,  however,  many  entomologists  (especially  among  the 
Lepidopterists)  who  think  it  lawful  to  make  new  species  and  even 
genera  out  of  the  local  varieties  of  the  butterflies  which  inhabit 
each  separate  valley  of  a  single  mountain  range.  Therefore,  let 
the  palasontologist  also  indulge  in  an  outburst  of  species  if  he  so 
pleases,  but  we  need  not  follow  the  author  any  further  in  fissiparism 
than  we  feel  disposed. 

We  cannot  avoid  touching  upon  one  other  point,  namely,  the  very 
complex  terms  introduced  by  the  author  in  his  description  of  speoies, 
which  seem  calculated,  like  a  hedge  of  '  prickly-pear,'  to  repel  the 
student  who  may  desire  to  penetrate  to  the  hidden  treasures  of 
knowledge  which  lie  within.  Here  are  one  or  two  examples  of 
word -construction  by  the  author,  taken  at  random  : — 

Pseudogrammoceras placidum,  Buckman,  is  described  as  "  substeno- 
subleptogyral,  perlatumbilicate  ;  parvicostate  to  striate.  (Immatwre 
example)     .     .     .     subplaty -subleptogyral  laturobilicate "  (p.  cliii). 

"  In  many  genera,  the  concavumbilicate  Ammonites,  for  example, 
and  forms  of  the  Hyperlioeerai-typey  the  leptogyral  species  do  not 
show  expansion  of  umbilicus  until  angustumbilication  has  first  been 
obtained,  and  often,  too,  not  until  the  ribs  have  been  lost "  (p.  oxliv). 

The  genus  PBeudogrammoceraa,  S.  Buckm.,  is  defined  as  ''sub- 
platy-subleptogyral  ;  latumbilicate  ;  subdensiseptate,  sublongi-sub- 
latilobate ;  laterally  flexiradiate ;  peripherally  acutangulintdiate, 
convex  to  convexifastigate  altisepticarinate  "  (p.  cxliii). 

These  descriptions  need  very  careful  consideration  and  study 
before  they  are  adopted. 

5.  Mr.  F.  R.  Cowper  Reed  devotes  another  section  of  his  mono- 
gragh  to  descriptions  of  the  Lower  Palsdozoio  Trilobites  of  Oirvan, 
<;omprising  species  of  Asaphus,  IllanuSf  Cydopyge,  ProeiUB,  BronleuB, 
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Lmhasy  eta,  largely  from  materials  fdrnithed  by  Mrs.  Qray,  of 
Sdinbargb,  the  Miueam  of  Praodoal  Geology,  the  Edinbaigh 
Hoseam,  the  Woodwardian  (Sedgwick)  Moseam,  etc. 

We  wish  that  the  author  had  fonnd  it  possible,  in  oases  of  frag- 
nentary  specimens,  sach  as  several  of  these  species  are  based  npon, 
to  have  gpven  in  oatline  a  restoration  of  some  of  the  more  important 
forms  ;  this  would  have  greatly  enhanced  the  value  of  this  very 
ueful  work,  and  might  even  now  be  added  as  a  final  plate,  if  thought 
desirable. 

6.  Miss  Gertrude  L.  Elles  and  Miss  Ethel  M.  B.  Wood,  aided  by 
Professor  Ohas.  Lapworth,  continue  their  monograph  on  British 
Graptolites  (pt  iv),  dealing  with  the  history  of  research  and  the 
&mily  of  the  Dicranograptidao,  following  with  the  genus  JHeellO' 
graj^ue  and  nineteen  species  and  varieties  duly  characterized  and 
figured,  then  the  genus  Dicranograptus  with  thirteen  species  and 
varieties.  These  are  illustrated  by  numerous  text-figures  and  six 
quarto  plates  by  Bemrose  from  drawings  by  Miss  Wood. 

In  commending  the  work  of  this  Society,  which  consists  in 
publishing  figures  and  descriptions  of  every  British  fossil,  and  has 
now  been  carried  on  continuously  for  fifty-eight  years,  it  is  hardly 
needful  to  mention  that,  apart  from  covering  the  bare  cost  of  the  pro- 
duction by  artists,  process-engravers,  printers,  etc.,  and  for  paper  and 
other  necessary  expenses,  the  whole  income  of  the  Palseontographical 
Society  is  returned  to  the  subscribers  in  the  annual  volumes  they 
receive.  Nay,  more,  owing  to  the  greater  amount  than  usual  of 
plates  and  letterpress  prepared  by  authors  for  publication  in  the 
years  1903  and  1904,  the  cost  of  these  volumes  has  largely  exceeded 
the  Society's  income  for  those  years,  so  that  each  contributor  of  one 
guinea  has  really  received  back  a  volume  costing  the  Society  two 
guineas  in  return  for  his  subscription,  which  has  been  paid  for  out  of 
the  small  savings  of  past  and  more  prosperous  years.  It  should 
also  be  mentioned  that  the  authors  of  monographs  receive  no 
remuneration  whatever  for  their  contributions,  which  are  freely 
presented  to  the  Society. 

The  only  source  for  regret  arises  from  the  fact  that  owing  to  the 
death  of  many  old  members,  and  the  want  of  a  sufficiently  large 
number  of  new  ones  coming  forward  to  replace  their  loss,  the  income 
of  the  Society  is  considerably  diminished,  and  its  most  valuable  work 
will  be  greatly  retarded  in  the  future  unless  geologists,  palsBon- 
tologists,  and  biologists — indeed,  naturalists  generally — will  unite  to 
assist  the  Society  to  carry  on  its  work  successfully  in  the  new  year. 
Certainly  all  Literary  and  Scientific  Institutions,  Public  Libraries, 
and  private  persons  desirous  to  promote  the  study  of  palsdontology 
should  join  the  ranks  and  send  in  their  names  to  Dr.  Arthur  Smith 
Woodward,  F.B.S.,  Natural  History  Museum,  Cromwell  Road,  S.W., 
the  able  and  energetic  Secretary,  who  will  take  care  that  the  annual 
volume  of  the  Palsdontographioal  Society  is  duly  delivered,  carriage 
paid,  to  the  address  of  each  subscriber. 
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r[S  is  tbe  lifili  part  of  Aa  Memoir  on  Aa  Gcokgr  of  tha  South 
Walao  Coalidd,  and  b  deaoiptm  of  Shoot  231  of  tho  New 
Serioo  ooe-iiidi  auip.  Tliis  diool  indodoa  a  oaall  tiact  of  the 
Peonanl  pktean  and  that  portioD  of  the  north  crop  of  the  ooalfidd 
which  extends  from  Dowlais  to  Swanaea  Yaleu  llie  novtfiom  half 
of  the  map  is  oocopied  hj  the  acarpa  of  the  Lower  Osrhoniferous 
rocks  and  bj  the  long  dip-slopes  of  Old  Bed  Sandstone,  whidi  form 
the  Fforest  Fawr  and  lead  op  to  the  Bi«^no^  Fans. 

The  Old  Bed  Sandstone  inclndea  an  npper  and  impeiaiatent 
sobdiTision  of  g^rej  grits  and  conglomeiatea,  which  b  developed 
nmnd  parts  of  the  Csrboniferoos  tracL  The  grits  peas  up 
into  the  Carboniferoos  Limestone,  and  are  known  from  fossil 
eridenoe,  obtained  farther  to  the  east,  to  be  of  Upper  Old  Bed 
Sandstone  age.  The  great  mass  of '  Brownstones '  lying  below  the 
grej  strata  has  yielded  no  fossils  in  this  area,  and  is  donbtfolly 
referred  to  the  Lower  Old  Bed  Sandstone.  The  lowest  strata 
exposed  are  some  green  and  red  sandstones  and  mails  whidi  have 
been  named  after  the  Senni  Valley,  where  they  were  first  dis- 
tinguished. One  of  the  finest  eidiibitions  of  the  oharaoteristio 
scenery  of  the  '  Brownstones '  (which  appear  to  be  the  baokbone  of 
the  CM  Red  in  this  area)  may  be  seen  from  the  northern  edge  of 
Bryniau  Gleisioo.  On  the  far  side  of  the  deep  Glyn  CoUwng 
a  plateaa,  formed  by  the  hard  uppermost  rocks,  slopes  gently 
upwards  towards  the  north  to  a  height  of  nearly  3,000  feet. 
Though  once  continuous,  this  long  slope  has  been  deeply  trenched 
by  Ht ream-action  into  separate  hill  masses,  each  with  a  flat  top 
bordered  by  precipitous  escarpments.  This  is  the  structure  of  the 
well-known  Beacons  of  Brecon  (Pen  y  Fan,  2,906  feet,  and  Com  Du, 
2,863  feet),  each  of  which  supports  a  small  but  oharaoteristio  outlier 
of  the  plateau  beds  consisting  of  well-bedded  flaggy  red  sandstone, 
in  which  occur  a  few  scattered  quartz  pebbles. 

Tlie  Carboniferous  Limestone  Series  includes  the  Lower  Limestone 
Shales  below  the  main  mass  of  limestone,  and  a  thin  impersistent 
set  of  shales  with  thin  dark  limestones  above  that  mass.  These 
dark  limeHtones  towards  the  top  of  the  series  present  the  somewhat 
exceptional  feature  of  weathering  at  the  outcrop  into  rottenstone, 
which  has  been  exploited  here  and  there  to  a  considerable  extent, 
the  beHt  quality  fetching  £10  a  ton.  Analyses  have  been  made  with 
a  view  of  ascertaining  what  has  occurred  in  the  conversion  of  the 
black  limestone  into  rottenstone.  A  sample  of  the  limestone 
contained  about  16  per  cent,  of  silica.  '^  A  few  very  small  cubes  of 
pyrit<^H  and  flakes  of  colourless  mica  are  the  only  visible  impurities : 
there  in  no  detrital  quartz,  and  the  silica  uhown  in  the  analysis  must 
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«Kiflt  as  a  thin  framework  of  cbaloedonio  charaoter  between  the 
caloite  grains."  What  has  happened  is  that  the  carbonates  have 
been  removed,  leaving  behind  siliceous  matter  of  the  above  peoaliar 
ciharacter.  As  much  as  80  per  cent,  of  this  siliceous  material  is 
found  in  the  best  samples  of  rottenstone,  whilst  alumina  and  ferric 
oxide  are  in  less  amount  than  is  the  case  in  inferior  samples. 

In  the  Millstone  Grit  three  subdivisions  are  made,  the  most 
conspicuous  member  being  a  massive  quartz-conglomerate  at  the 
base  of  the  formation.  The  fossils  yielded  by  some  shaly  bands 
show  that  marine  conditions  prevailed  during  the  deposition  of 
strata  of  Coal-measure  aspect.  Upwards  the  Millstone  Grit  graduates 
into  the  Coal-measures,  the  upper  and  lower  limits  of  the  Farewell 
Book  being  ill-defined.  As  regards  fossils  from  the  shales  of  the 
Millstone  Grit,  as  many  as  17  localities  are  given,  some  belonging 
to  another  sheet,  whilst  the  species  quoted  include  8pirorhi$  puiiUus^ 
lAngtda  mytiloidea,  Orthia  Mtchelini,  Froductus  senUretietdatuSp 
Spin/era  glabra,  two  species  of  Carbonicola,  Pterinopecten  papyraceua, 
Oaetnocerai  carhonarium,  Oliphioceraa  reticulatumf  etc.  Mr.  Strahan 
observes  that,  as  a  general  rule,  Carbonicola  occurs  in  the  upper 
part  of  the  shale,  while  purely  marine  forms  such  as  crinoids, 
brachiopods,  and  oepbalopods  are  confined  to  the  lower  part. 

As  regards  the  Coal-measures,  the  same  author  observes  that  the 
part  of  the  North  Crop  included  within  the  area  under  description 
extends  from  the  anthracitio  region  of  Tstradgynlais  to  the  steam- 
coal  region  of  Dowlais.  While  not  always  recognizable  individually, 
the  lower  coals  as  a  group  can  readily  be  identified  in  the  two 
regions.  The  nine-foot  seam  of  Dowlais  and  Aberdare  corresponds 
closely  in  position  with  the  nine-foot  of  the  anthracitio  region. 
The  anthracitio  region  is  regarded  as  commencing  at  the  Vale  of 
Neath,  but  there  appears  to  be  no  definite  boundary  between  it  and 
the  steam-coal  area.  Moreover,  the  anthracitisation  is  far  from 
complete  in  the  Yale  of  Neath,  and  continues  to  increase  westwards 
beyond  the  limits  of  the  map  under  description.  Though  all  the 
seams  are  subject  to  the  loss  of  bituminous  matter  in  a  west,  or 
rather  north-westward,  direction,  the  lower  seams  are  the  first  to 
show  it.  Thus,  in  any  one  vertical  sinking  the  lower  coals  are 
on  the  whole  less  bituminous  than  the  upper.  The  base  of  the 
Pennant  is  drawn  arbitrarily  at  the  Ehondda,  No.  2  seam,  which 
is  known  by  another  name  west  of  the  Neath.  The  measures  in 
which  the  principal  seams  lie  are  illustrated  in  vertical  sections — 
Sheet  83,  Nos.  1,  2,  12,  and  13 ;  Sheet  84,  Nos.  12,  13,  and  19 ; 
and  Sheet  85,  Nos.  12-16. 

The  stratigraphy  of  the  region  is  fully  described,  and  further 
illustrated  by  a  section  from  the  Old  Eed  Sandstone  scarp  to  the 
Pennant  scarp  at  Cam  Mosyn  (plate  i).  In  addition  to  a  large 
number  of  normal  faults  running  in  the  N.N.W.  direction — a  system 
which  prevails  throughout  the  entire  coalfield  —  there  are  two 
great  belts  of  disturbances,  known  as  the  Cribarth  and  Neath 
disturbances,  which  traverse  this  region  from  E.N.E.  to  W.S.W. 
They  form  the  forerunners  of  a  long  series  of  similar  disturbances^ 
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#faioh  ihorease  in  freqaenoy  and  intensity  towards  the  north-west. 
All  have  exercised  a  marked  control  npon  the  river-system,  a  fact 
which  is  well  illustrated  in  the  relation  of  the  Tawe  and  Neath 
Valleys  to  the  two  ahove-named  distnrbanoes.  The  sections  aoroes 
the  Vale  of  Neath  disturbance  (plate  ii)  present  an  extremely 
effective  piece  of  stratigraphy. 

The  glacial  phenomena  of  the  region  constitute  not  the  least 
interesting  portion  of  this  memoir.  In  previous  parts,  descriptive 
olF  the  South  Wales  Coalfield,  reference  has  been  made  to  the 
importance  of  the  Brecknock  Fans  in  this  connection.  The  fact 
that  the  Fans  formed  a  centre  of  dispersion  of  boulders  was  first 
ascertained  about  20  years  ago  by  Professor  Edgeworth  David,  and 
one  result  of  the  recent  mapping  has  been  to  confirm  his  oonclnslons- 
in  all  important  particulars.  It  is  shown  that  the  ice  generated  on 
the  Old  Red  Sandstone  plateau  moved  in  a  general  southward 
direction,  surmounting  the  scarps  of  the  Carboniferous  Limestone 
and  Millstone  Orit,  and  crossing  deep  valleys  with  little  or  no 
deflection.  It  failed,  however,  to  overtop  the  great  Pennant  soarp 
of  Carn  Mosyn,  but  split  against  it,  one  part  moving  down  the 
Cynon  and  Taff  Valleys  in  a  direction  somewhat  east  of  south,  while 
another  part  turned  south-westwards  down  the  valleys  of  the  Neath 
and  Tawe.  Some  morainic  ridges,  lying  at  the  foot  of  the  loftier 
precipices,  appear  to  have  been  the  last  work  of  the  retreating 
ice-sheet;  several  of  these  enclose  tarns.  The  Brecknock  drift, 
near  its  source  on  the  Old  Bed  Sandstone  moorland,  is  composed 
wholly  of  the  detritus  of  that  rock.  Being  an  unstratified 
deposit,  with  boulders  but  little  rounded,  it  is  classed  as  a  Boulder- 
olay,  but  having  been  derived  from  a  formation  in  which  arenaceous 
material  predominates  it  is  of  a  gravelly  character.  Southwards, 
within  the  Carboniferous  area,  Carboniferous  boulders  enter  largely 
into  its  composition,  the  quartz-conglomerates  and  grits  of  the 
Millstone  Grit  being  especially  ubiquitous.  In  the  coalfield, 
where  shales  predominate,  the  deposit  assumes  the  character  of 
a  typical  Boulder-clay,  and  the  red  gravelly  matrix  gradually  gives 
place  to  a  stiff  blue  clay.  These  features  are  well  illustrated  by 
a  map  {^g,  12),  showing  the  watersheds,  distribution  of  the  drifts, 
and  the  glacial  strise.  The  Brecknock  drift  and  the  local  drift  are 
distinguished  by  different  symbols,  and  it  is  interesting  to  note  how 
both  classes  of  drift  have  been  deposited  in  large  amounts  along  the 
northern  base  of  the  Cam  Mosyn  massif,  a  portion  hanging  to  the 
Neath  drainage  on  the  south-west  and  a  smaller  portion  to  the  Taff 
drainage  on  the  south-east 


III. — Book-Magmas  as  Solutions. 

DiB   SlLIKATSGHMELZLOSUNOEN.      I.    TJsBEB  DIE  MlNEBALBILDUNQ  IN 
SlLIKATSGHMELZLdSUNQEN.         II.      TJbBEB      DIE      SCHHELZPUNKT- 

Erniedbigunq  deb  Silikatsghmelzl5sungbn.      By  J.   H.   L. 
VooT.     Vidensk.-Selsk.  Skrifter,  1903,  No.  8,  and  1904,  No.  1. 

rnHE  analogy  between  igneous  rock-magmas  and  saline  solutions 
j[     has  been  a  subject  of  speculation  since  the  time  of  Bunsen; 
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but  it  is  only  in  oomparatively  reoent  yean  that  the  modern  theory 
of  eolations,  as  developed  by  Ostwald,  Van  t-Hoff,  Nernst,  Eooze- 
boom,  and  others,  has  enabled  the  question  to  be  treated  in  a  precise 
manner.  In  his  ''  British  Petrography  "  (1888)  Dr.  Teall  suggested 
that  the  lowering  of  melting-point  in  the  mixture  of  two  or  more 
•constituents  might  be  applicable  to  rock-magmas,  and  that  the  order 
of  crystallization  of  rock-forming  minerals  might  depend  upon  the 
proportions  in  which  they  are  present  as  compared  with  certain 
determinate  (eutectic)  proportions.  He  instanced  micropegmatit^ 
as  probably  of  the  nature  of  a  eutectic  of  felspar  and  quartz.  The 
experimental  data  for  putting  the  theory  to  the  test  were  at  thai 
time  lacking.  They  have  now  been  in  great  measure  supplied  by 
Professor  Vogt  of  Cbristiania.  The  starting-point  of  his  work  is 
the  chemical  and  microscopical  study  of  a  large  series  of  silicate-* 
slags,  more  or  less  closely  comparable  in  composition  with  igneous 
rocks.  The  results  of  such  study,  and  the  conclusions  based  on 
them,  afford  a  striking  illustration  of  the  service  which  may  be 
rendered  to  pure  science  by  technological  researches. 

The  first  part  of  the  memoir  is  essentially  a  comprehensive  inquiry 
Into  the  order  of  crystallization  of  minerals  from  magmas  of  known 
composition.  Taking,  for  instance,  slags  consisting  mainly  of 
silicates  of  calcium,  magnesium,  and  iron,  without  much  alumina, 
the  results  are  plotted  on  a  diagram,  ordinates  representing  acidity 
(i.e.  the  oxygen-ratio  of  silica  to  bases)  and  abscissaa  representing 
the  ratio  Ca  :  Mg,  Fe,  Each  slag  corresponds  thus  with  some  point 
on  the  diagram,  and  the  mineral  which  first  crystallized  out  is  noted 
(augite,  enstatite,  melilite,  olivine,  etc.).  It  is  found  that  the  points 
belonging  to  the  several  minerals  arrange  themselves  in  well-defined 
fields  on  the  diagram.  The  boundaries  (Individualisationsgreme) 
between  these  fields  represent  eutectic  proportions  between  the 
several  constituents,  and  from  them  the  percentage  composition  of 
the  eutectics  can  be  calculated.  Thus,  for  augite  and  olivine  the 
eutectic  proportions  are  70  :  30.  From  a  molten  slag  consisting 
essentially  of  these  two  minerals  in  any  other  relative  proportions, 
the  one  which  is  in  excess,  as  compared  with  the  eutectic,  will  first 
begin  to  separate. 

In  the  second  part  of  the  memoir  the  lowering  of  melting-point 
in  such  mixtures  is  investigated,  which  gives  ^  another  way  of 
approaching  the  question.  Here  use  is  made  of  Akerman's  deter- 
minations of  total  heat  of  fusion  (in  which  the  melting-point  is  the 
chief  variable  element) ;  and  the  author  has  also  made  a  series  of 
experiments  by  the  method  of  cooling,  noting  the  temperatures  at 
which  latent  heat  is  evolved.  It  is  found  that  mixtures  of  two 
given  minerals  show  a  very  notable  lowering  of  melting-point,  the 
greatest  lowering  being  reached  for  certain  definite  relative  pro- 
portions. These  are,  of  course,  the  eutectic  proportions ;  and  the 
close  agreement  of  the  results  with  those  already  obtained  inde- 
pendently by  the  '  individualisation '  method  afford  a  strong  proof 
of  the  validity  of  the  author's  reasoning.  The  maximum  lowering 
of  melting-point  is  sometimes  measured  by  hundreds  o(  d^^\^^%. 
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Thas  for  olivine  (melting-point  140(P),  diopside  (1225^),  and* 
ftkermanite  (1175^),  the  eutectio  mixtures  of  the  several  pairs  give 
melting-points — olivine-diopside  1125^,  olivine-ftkermanite  1030^, 
diopside-Skermanite  1035^;  while  for  the  ternary  euteotio  olivine- 
diopside-ftkermanite  the  melting-point  is  well  below  1000^. 

The  relations  of  minerals,  suoh  as  quartz  and  the  alkali-felspars, 
which  are  absent  from  slags,  oannot,  of  course,  be  investigated  by 
suoh  methods ;  but  it  may  be  possible  to  obtain  information  in  other 
ways.  Vogt  confirms  Teall's  view  as  to  the  significance  of  the 
micropegmatite  intergrowth,  and  finds  the  eutectio  proportions  for 
felspar  and  quartz  to  be  about  74  :  26.  The  figures  seem  to  be  very 
nearly  the  same  in  plutonio  as  in  volcanic  rocks;  and  theoretioat 
considerations  also  lead  to  the  conclusion  that  eutectio  ratios  are  not 
greatly  influenced  by  pressure. 

An  interesting  branch  of  the  inquiry  is  that  relating  to  '  mixed 
crystals'  belonging  to  isomorphous  groups,  in  which  the  author 
applies  the  theoretical  conclusions  of  Bakhuis  Boozeboom.  For 
mixtures  of  two  isomorphous  compounds  the  melting-point  curve^ 
and  the  freezing-point  curve  are  different  The  crystals  accordingly 
differ  in  composition  from  the  magma  in  which  they  form,  and  they 
change  their  composition  (or  crystals  of  continually  changing  com- 
position are  deposited)  as  the  process  goes  on.  Several  different 
apes  are  distinguished.  The  author  discusses  especially  the  case  of 
e  plagioclase  group,  and  shows  why  the  first-formed  crystals  have 
a  higher  ratio  An  :  Ab  than  the  magma  from  which  they  are  formed. 
He  discusses  also  the  interrupted  series  (imperfectly  isomorphous  or 
perhaps  isodimorphous)  of  orthoclase-plagioclase,  iu  which  the  only 
members  which  can  exist  are  those  near  one  or  the  other  end  of  the 
series.  Here  there  is  a  euteotio  ratio  40  :  60.  If  the  ratio 
Or  :  Ah  +  An  is  greater  than  this,  orthoclase  (containing  more  or 
less  Ah  and  An)  will  first  form ;  if  the  ratio  is  less,  a  plagioclase 
(with  more  or  less  Or)  will  form.  If  the  magma  eventually  reaches 
the  euteotio  composition,  orthoclase  and  plagioclase  will  separate  out 
simultaneously;  and  the  pertbitic  intergrowths  are  of  this  nature, 
with  constant  composition  as  regards  the  ratio  of  orthoclase  to 
plagioclase.  This  part  of  the  subject  is  very  beautifully  worked  out 
from  Lagorio's  analyses  of  porphyritio  felspars  and  the  magmas  from 
which  they  crystallized. 

As  regards  the  principal  constituents  of  igneous  rocks  Professor 
Yogt's  work  seems  to  give  a  final  answer  to  the  vexed  question  of 
'  order  of  consolidation.'  There  remain  the  minor  accessory 
minerals,  which  in  general  crystallize  at  a  very  early  stage,  although 
they  are  present  only  in  small  amount  It  seems  impossible  to 
account  for  this  behaviour  by  reference  to  eutectio  proportions. 
Our  author  explains  it  by  Nernst's  law  of  the  reduction  of  solubility 
by  a  common  ion.  This,  which  is  a  corollary  of  the  law  of  mass 
action,  tells  us  that  spinel,  for  example,  which  has  one  ion  (Mg)  in 
common  with  other  constituents  of  the  magma,  has  its  solubility 
thereby  reduced,  and  consequently  crystallizes  earlier.  It  would  be 
satisfactory  to  know  more  exactly  in  what  measure  this  principle  is 
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operative,  and  how  fex  it  may  affeot  the  mutual  relations  of  other 
mineralB-— olivine,  enstatite^  augite,  and  biotite  all  having  this  same 
ion  in  common.  Any  quantitative  estimate,  depending  on  the  degree 
of  eleotroly tio  dissooiation  of  the  several  constituents,  will  not  easily 
be  arrived  at  The  author  will  not  idlow  that  there  may  be  only 
a  limiUd  mutual  solubility  between  spinel,  apatite,  etc.,  and  the 
silioatee,  though  he  finds  this  kind  of  relation  between  sulphides 
and  silicates. 

We  can  notice  here  only  the  main  features  of  what  is  virtually 
the  outline  of  a  consistent  theory  of  the  crystallization  of  igneous 
rooks.  Many  other  points  are  touched,  sometimes  comprehensively, 
sometimes  sketchily,  but  always  in  a  suggestive  manner.  They 
include,  for  example,  the  important  consequences  of  supersaturation 
in  the  magma ;  the  modifying  influence  of  water  and  other  so-called 
'  mineralisers,'  and  generally  the  question  how  far  results  derived 
from  the  study  of  slags  are  applicable  to  plutonio  and  other  natural 
rooks;  the  application  of  the  solution-theory  to  magmatio  differ- 
entiation ;  and  other  petrological  problems.  The  porphy  ritic  structure, 
for  instance,  becomes  from  the  author's  point  of  view  a  general 
character,  not  necessarily  implying  a  discontinuous  change  of 
physical  conditions  between  two  distinct  '  periods  of  consolidation.' 
The  porphyritio  elements  may  represent  the  excess  of  one  or  more 
constituents  separated  out  at  an  early  stage,  while  the  ground-mass 
tends  often  to  an  approximately  eutectio  composition.  This  hypo- 
thesis again  is  examined  by  the  test  of  Lagorio's  analyses. 

We  may  hope  that  the  outline  presented  by  Professor  Yogt  will 
be  filled  in  by  the  researches  of  himself  and  other  petrologists.  If 
modifications  on  some  minor  points  should  be  found  necessary,  as 
well  as  additions,  this  will  not  lessen  the  debt  which  students  of 
igneous  rooks  owe  to  the  author  of  the  valuable  memoir  before  us. 

A.  H. 

rV. — An  Intboduotion  to  the  Geology  of  Cape  Colony.  By 
A.  W.  BooERs,  M.A,  F.G.S.,  Director  of  the  Geological  Survey 
of  Cape  Colony.  8vo ;  pp.  xviii  and  463,  with  a  folding  map 
and  21  illustrations.  (London  :  Longmans,  Green,  <&  Co.,  1905. 
Price  9s.  net.) 

THE  student  of  South  African  geology,  after  much  time  spent  in 
reading  numerous  Government  reports,  treatises,  and  articles 
scattered  through  different  magazines,  at  home  and  abroad,  usually 
gives  up  the  task  in  hopeless  bewilderment,  and  ends  with  the 
conviction  that  '^  nothing  is  but  what  is  not."  He  finally  develops 
that  fatal  African  disease  known  as  the  sleeping  sioknesB,  when  all 
further  interest  in  the  subject  naturally  ceases.  At  what  stage,  if 
any,  geologists  in  this  country  have  arrived  is  a  matter  of  conjecture 
and  is  hardly  likely  to  be  known.  If  such  an  unfortunate  mortal 
exists  good  news  awaits  him.  After  reading  the  book  by  Mr.  Rogers 
he  will  awaken  like  a  giant  refreshed. 

The  present  volume  is  the  first  of  a  series  designed  by  Dr.  Muir, 
the  Superintendent  General  of  Education  for  the  Golou^  oC  Ui^  C\^^ 
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of  Gk)od  Hope,  to  piomote  the  stodj  of  Natoral  Soience  in  South 
Africa,  and  with  the  oonaent  of  the  Gedogioal  Oommiaaioii  the  work 
was  ifatnuted  to  Mr.  A.  W.  Bogen. 

The  ohoioe  of  author  oonld  not  have  been  more  happily  made,  for, 
in  conjnnction  with  Mr.  £.  H.  L.  Sohwan,  Mr.  Bc^rs  has  surveyed 
large  tracts  in  the  Crolony  during  the  past  eight  years,  as  well  as 
making  himself  thoroughly  acquainted  with  the  literature  of  the 
suljeot. 

The  task  submitted  to  Mr.  Bogers  was  no  easy  one ;  but  so  skilful 
has  been  his  performance  of  it  that  only  those  who  have  attempted 
to  find  light  amidst  the  chaos  of  South  African  geology  will  realise 
its  magnitude.  Each  of  the  many  problems  is  adequately  dealt 
with  and  yet  kept  in  fitting  proportion.  The  style  is  clear  and 
concise,  the  natural  result  of  a  complete  grasp  of  the  subject 
Simplicity  of  language,  modeshr  of  statement,  adherence  to  faot^ 
chantcterise  the  whole  work.  The  descriptions  are  necessarily  brief, 
but  they  are  sufficient;  there  is  no  burdensome  detail  such  as 
German  writers  on  African  geology  abound  in.  The  work  of 
others,  including  that  of  his  colleagues,  receives  due  recognition ; 
but  the  major  portion  of  the  volume  really  represents  the  results 
obtained  by  the  field  staff  (three  in  number)  of  the  Gape  Geologioal 
Commission,  of  which  Mr.  Bogers  is  the  oldest  member. 

The  book  will  be  found  useful  to  many  classes  of  readers.  To 
those  wholly  ignorant  of  South  African  geol<^  it  will  form 
a  pleasing  introduction  ;  to  the  student,  lost  in  the  maze  of  conflicting 
accounts,  it  will  tell  what  to  follow  and  what  to  avoid  ;  while  the 
specialist,  in  almost  every  branch  of  geology,  will  find  new  mateiial 
to  illustrate  and  amplify  the  particular  line  of  research  on  which  he 
may  be  engaged. 

In  the  opening  chapter  the  author  describes  the  chief  physical 
features  of  the  colony,  its  general  geological  outlines,  order  of  the 
rock  groups,  followed  by  a  brief  but  clear  account  of  the  regions 
occupied  by  the  various  rock  formations  and  their  tectonic 
relationship. 

The  rocks  of  pre-Cape  age  are  dealt  with  in  chapters  ii-iii.  The 
reader  will  here  find  a  summary  of  the  work  done  among  these  old 
rocks,  the  results  being  mainly  obtained  by  the  officers  of  the  Gape 
Survey.  They  contain  problems  of  a  mineralogical,  petrologioal, 
stratigraphical,  and  dynamical  character,  many  of  them  of  worldwide 
interest,  and  of  especial  importance  in  connexion  with  the  age  and 
succession  of  the  older  rocks  of  other  parts  of  South  Africa.  Wisely 
enough,  however,  the  author  makes  no  attempt  to  force  a  correlation, 
either  between  the  two  areas  in  which  this  complex  of  rocks  occurs 
in  Cape  Colony  or  with  the  far  distant  region  of  the  Transvaal. 
We  are  pleased  to  see  references  to,  and  ample  recognition  of,  the 
admirable  researches  of  G.  W.  Stow  in  Griqnaland  West 

The  question  of  the  order  of  the  succession  of  the  different 
members  of  the  Cape  System  (Table  Mountain  Sandstone,  Bokkeveld, 
and  Witteberg  Series)  and  their  relationship  to  the  pre-Cape  rocks  is 
discussed,  in  conjunction  with  a  description  of  the  rocks,  in  chapter  iv. 
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Hie  olassifioation  of  A.  O.  Bain  is  adhered  ta  The  figures  of  fossils 
from  the  Bokkeveld  beds  are  a  welcome  addition. 

llie  Karroo  formation,  forming  unquestionably  one  of  the  best 
known  rock  groups  in  South  Africa,  receives  full  attention.  It  is 
Aomewhat  startling  to  read  that  at  present  there  is  no  very  satis- 
Uotozy  classification  of  these  rocks.  The  chapter  by  Professor 
Groom  on  the  reptiles  of  the  Karroo  formation  will  therefore  be  of 
mnch  value,  for,  as  is  well  known,  tliese  animals  mark  distinct 
horizons.  As  is  fitting,  considerable  attention  is  paid  to  the  intrusivf) 
dolmtes  and  allied  rocks  of  the  Karroo  system,  for  besides  being 
a  distinctive  feature  of  the  Karroo  country  they  present  problems 
the  petrologist  has  not  solved.  The  author  does  not  support  the 
absorption  theory  for  the  intrusive  masses  of  Pondoland  and  East 
Griqualand.  Plate  xvi,  showing  columnar  structure  in  Dwyka 
ooDglomerate  produced  by  an  overlying  sheet  of  dolerite,  might 
readily  be  used  to  controvert  the  knowing. 

The  knowledge  of  the  rocks  of  the  Cretaceous  system  is  brought 
up  to  date  in  chapter  viii.  Good  illustrations  of  the  typical  fossils 
are  given,  while  Dr.  F.  L.  Kitohin  supplies  notes  on  the  relation- 
ship of  the  marine  fossils  to  those  of  foreign  Cretaceous  faunas. 
The  chapter  on  the  volcanic  pipes  younger  than  the  Storraberg 
Series  (summit  of  the  Karroo)  includes  a  short  account  of  the 
diamond  pipes  of  the  Kimberley  area.  The  author  considers  that 
these  great  explosions  occurred  ''at  some  period  after  the  close  of 
Stormberg  times  (probably  after  the  TJitenhage  period)." 

A  chapter  on  the  Kecent  deposits,  including  that  of  the  vleys  and 
pans,  concludes  the  detailed  description  of  the  geology.  It  is 
followed  by  a  summary  of  the  geological  history  of  the  colony. 
Subjects  of  a  more  speculative  character  are  here  dealt  with,  among 
which  we  note  that  the  period  of  great  mountain-building  in  South 
Africa  succeeded  the  Ecca  beds  (Perrao-Carboniferous)  and  occurred 
somewhere  between  this  and  the  TJitenhage  (LowerCretaceous)  period, 
possibly  between  the  Ecoa  and  Beaufort  (Permo-Triassic)  periods.* 

Each  of  the  chapters  forms  a  treatise  in  itself,  and  the  reader 
interested  in  any  particular  formation  will  readily  find  what  he 
seeks,  while  for  fuller  detail  he  is  referred  to  the  standard  works 
given  in  the  appendix. 

The  volume  is  illustrated  throughout  by  numerous  plates  of 
admirably  reproduced  photographs  of  rock  scenery  and  rock  structure. 
The  figures  of  fossils  are  clearly  drawn.  The  horizontal  sections 
are  somewhat  meagre  and  not  impressive,  owing  to  the  necessarily 
small  scale  adopted  for  the  vast  distances  represented.  On  the  coloured 
geological  map,  which  is  clearly  printed,  the  number  of  place-names 
is  far  too  small.  A  few  topographical  maps  would  materially  assist 
the  reader.  The  notes  on  the  geology  of  some  of  the  railway  lines 
given  in  chapter  xii  seem  out  of  character  with  the  rest  of  the  work, 
and  would  be  better  as  an  appendix.  The  book  needs  a  more  copious 
index. 

^  Age  given  in  the  braokets  is  ours. 
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Some  critios  will  probably  find  flBiiilt  with  the  oompanitively  brief 
notices  given  of  economic  prodncts.  In  a  country  of  which  the  geology 
is  so  little  known  nearly  the  whole  book  becomes  of  economic 
importance.  The  geology  of  Cape  Colony  affords  the  key  to  the 
rock  structure  of  South  Africa,  and  therefore  to  its  mineral  wealth. 
Every  engineer,  miner,  or  prospector  in  South  Africa,  and  those 
being  trained  in  this  country  for  the  colony,  should  therefore  make 
themselves  fully  acquainted  with  the  main  facts  contained  in  this 
book,  and  thoroughly  master  the  many  problems  so  ably  and 
clearly  presented  by  Mr.  Bogers.  Waloot  Gibson. 


L — Gkolooioal  Sooiitt  of  Londom. 

February  Ist,  1905.~J.  E.  Marr,  SaD.,  F.B.a,  Prosident,  in  the 

Chair. 

Professor  Garwood  exhibited  and  commented  on  a  set  of  twelve 
lantern-slides  illustrating  the  use  of  three-colour  photography  in 
demonstrating  the  microscopic  characters  of  rock-forming  minerals 
in  polarized  light,  llie  slides  were  taken  by  the  Sanger-Shepherd 
process,  in  which  yellow,  green,  and  red  screens  were  used.  He 
said  that  it  was  not  a  process  that  could  be  used  very  easily,  but  one 
which  required  a  good  deal  of  time  to  produce  really  accurate  prints. 
Considerable  difficulty  was  experienced  in  procuring  objectives 
which  were  truly  corrected  for  the  spectrum,  the  tendency  in  the 
case  of  interference  figures  being  to  give  different-sized  rings  for 
different  colours.  The  results  did  resemble  very  closely  the 
phenomena  seen  under  the  microscope  ;  and  he  had  brought  one 
or  two  rock-sections  shown  on  the  screen,  in  case  Fellows  interested 
in  the  subject  would  like  to  compare  the  slides  with  the  original 
sections. 

llie  following  communication  was  read : — 

"On  the  Sporangium -like  Organs  of  QloBBoptertB  Bratoniana, 
Brongn."     By  E.  A.  Newell  Arber,  M.A.,  F.L.S.,  F.G.S. 

It  has  been  discovered  that  some  specimens  from  New  South 
Wales,  on  which  numerous  and  well-preserved  scale-fronds  of 
OlossoptertB  occur,  also  exhibit  impressions  of  groups  of  minute 
bodies,  not  unlike  the  sporangia  of  certain  recent  and  extinct  Ferns 
and  Cycads.  The  new  organs  are  elliptical  in  shape,  and  measure 
from  1*2  to  1*5  millimetres  along  the  major  axis.  They  are  hollow, 
sac-like  structures,  which  open  or  dehisce  longitudinally.  Un- 
fortunately no  trustworthy  evidence  can  be  obtained  as  to  their 
contents.  The  fact  that  they  have  never  been  found,  except  in  the 
closest  association  with  the  scale-leaves  of  GlosBoptertB,  is  regarded 
as  an  indication  that  they  may  be  attributed  to  that  genus;  and 
this  conclusion  is  supported  by  the  direct  evidence  of  some  of  the 
scale-fronds,  which  show  scars  of  attachment  and  fragments  of  the 
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iae-like  bodies  still  apparently  in  continuity.  While,  in  the  absence 
of  leoc^^ition  of  spores,  it  is  impossible  to  be  quite  certain  that 
tbese  sao-like  bodies  are  really  sporangia,  there  is  much  to  be  said 
in  £ivoar  of  this  oonclusion.  The  fact  that  they  were  probably 
home  on  the  soale-fronds  in  sorus-like  groups,  and  that  in  size, 
shape,  and  mode  of  dehiscence  they  are  not  unlike  the  sporangia  of 
certain  recent  and  fossil  plants,  supports  this  view.  The  closest 
analogy  may  probably  be  found  in  the  microsporangia  of  Oyoads, 
which  are  also  exannulate. 

A  historical  sketch  is  given  of  the  present  evidence  on  the  subject 
of  the  fructification  of  QloBBopteris ;  and  it  is  shown  that  no  sporangia 
have  so  far  been  found,  and  that  such  evidence  as  has  been  put 
forward  as  to  the  occurrence  of  sori  on  the  larger  fronds  is  not 
altogether  satisfactory.  It  is  pointed  out  that,  if  the  present  con- 
olnsion  be  correct  (that  the  sporangia  were  borne  on  the  smaller 
•oale-fronds),  Olo8$opieri$  cannot  be  included  in  any  recent  family 
of  the  true  Ferns.  Although  the  affinities  of  this  genus  are  still 
donbtful,  the  creation  of  a  new  family  may  not  be  inadvisable. 


II. — Edinburgh  Gkologioal  Sooiktt. 

January  18th,  1905.— James  Currie,  M.A.,  F.R.S.E.,  President  of 

the  Society,  in  the  Chair. 

The  following  papers  were  read  : — 

1.  "Notes  on  a  Journey  through  British  North  Borneo."     By 
Mr.  Andrew  Burt 

Mr.  Burt  gave  a  sketch  of  a  journey  he  had  made  through  North 
Borneo,  and  described  its  position,  climate,  and  products.  He  spoke 
chiefly  of  the  coal-mines  in  Labuan  and  Sarawak,  which,  he  explained, 
had  to  be  worked  by  Chinese  and  Malay  labour,  the  natives  being 
practically  useless  as  workmen. 

2.  "  Notes  on  the  Pre-Glacial  River  System  of  the  Forth."  By 
Mr.  H.  M.  Cadell,  B.Sc,  F.R.S.E. 

Mr.  Cadell  described  various  places  where  ancient  buried  river 
▼alleys  had  been  proved  by  mining  to  exist  at  considerable  depths 
below  the  present  surface,  and  said  it  was  highly  important  from 
a  mining  as  well  as  a  geological  standpoint  to  be  able  to  locate  these 
drift-filled  gullies  of  ancient  *  wash-outs.'  There  was  a  deep  glen 
under  the  Carron  Water,  which  entered  the  Forth  at  Grangemouth, 
at  a  depth  of  270  feet  below  the  sea;  and  another  below  the 
Almond,  which  had  been  traced  northward  from  Mid-Calder  for 
eight  miles,  and  ran  seawards  under  Dalmeny  Park  at  a  depth 
of  more  than  100  feet.  Between  Preston  Island  and  Culross,  again, 
there  was  under  Torry  Bay  an  ancient  trough,  which  had  been 
struck  in  the  coal  workings  on  Preston  Island  in  1811  at  a  depth 
of  46  fathoms.  This  was  no  doubt  a  part  of  the  ancient  Forth 
Valley  in  pre-Glacial  times.  The  deepest  of  the  buried  valleys 
that  had  hitherto  been  discovered  by  boring  was  the  ancient  gorge 
or  canyon  of  the  Devon,  which  at  Glenochil  Distillery  had  been 
found  by  boring  to  be  over  370  feet  deep,  and  filled  with  mud, 
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sand,  and  olay.  These  ancient  valleys  all  proved  that  when  they 
were  soooped  oat  by  swift  rivers  the  land  was  much  higher  than, 
•t  is  now.  Mr.  Cadell  went  on  to  discuss  this  oondusion,  and  he 
showed  that  if  the  gradient  of  the  ancient  Forth  was  25  feet  per 
mile,  the  glen  must  have  been  1,000  feet  deep  at  the  Forth  Brid^, 
aud  the  North  Sea  bed  was  a  great  plain.  He  exhibited  interesting 
panoramic  sketches  he  had  painted,  showing  what  he  imagined  was 
the  scenery  of  the  Forth  Valley  at  that  period  where  the  islands 
of  the  Firth  were  the  tops  of  rocky  pinnacles,  and  hairy  elephants, 
bears,  and  wolves  roamed  through  the  forests  of  the  pre-Glacial 
continent,  before  Britain  was  an  island. 


III. — MiNBBALOGIOAL     SOOIETT. 

January  31st,  1905. — Professor  H.  A.  Miers,  F.B.S.,  President,  in 

the  Chair. 

Mr.  H.  H.  Thomas  gave  a  detailed  account  of  the  crystallographio, 
optical,  and  chemical  characters  of  epidote  found  in  a  vein  in  gneiss, 
near  Barrisdale,  Inverness-shire.  A  chemical  analysis  made  by 
Dr.  Pollard  showed  that  the  mineral  contained  a  very  low  percentage 
of  ferric  oxide  (6*81).  In  this  respect  it  was  similar  to  epidotes  from 
Huntington,  Mass.,  and  the  Zillerthal,  and  like  them  showed  corre- 
spondingly low  refractive  and  double  refractive  power  and  large  optic 
axial  angle,  as  compared  with  epidotes  containing  higher  percentages 
of  iron, — Mr.  T.  V.  Barker  communicated  a  preliminary  note  on  the 
regular  growth  of  crystals  of  one  substance  upon  those  of  another. 
The  observations  of  previous  investigators  were  in  general  confirmed 
with  regard  to  the  growths  of  E  I,  E  Br,  E  C  I,  and  Na  No,  upon 
mica,  and  of  Na  No,  upon  caloite.  In  all  ceises  a  clean  surface  is 
necessary.  Attempts  to  get  a  regular  deposition  of  Na  No,  upon 
other  rhombobedral  carbonates  of  the  calcite  group  and  upon 
dolomite  were  without  any  positive  result,  although  the  rhombobedral 
angle  of  some  of  them  is  much  nearer  to  that  of  Na  No,  than  is  that 
of  caloite.  The  topic  axes,  however,  are  in  order  of  magnitude  as 
follows :  Na  No,,  caloite,  rhodocbrosite,  dolomite,  chalybite,  so  that 
if  the  regular  growth  depend  on  the  fitting  together  of  similar 
titructures  the  experiments  point  to  the  usefulness  of  the  conception 
of  topic  axes.  The  author  is  continuing  his  observations. — Mr.  E.  A.  E. 
Hallowes  described  an  apparatus  for  determining  the  density  of 
small  grains.  The  method  is  by  hydrostatic  weighing,  and  the 
grain  is  held  under  water  (or  preferably  alcohol)  in  a  spring-damp, 
made  of  brass  wire  and  two  cover-glasses,  which  is  suspended  from 
the  beam  of  the  balance  by  a  fine  hair. — Professor  H.  A.  Miers 
exhibited  a  specimen  of  massive  danalite  from  Wheal  Maudlin, 
a  new  locality  for  this  mineral  in  Cornwall,  and  also  a  crystal  of 
barium -radium  bromide,  the  crystallographio  characters  of  which  he 
also  described.  Mr.  Arthur  Russell  exhibited  a  specimen  of 
phenacite  and  one  of  aurichalcite  from  Cornish  localities,  and 
Mr.  H.  F.  Collins  specimens  of  sulphide  of  lead  and  oxide  of  zinc 
artificially  produced  in  furnaces  at  Laurium. 


Coirespondence^—T.  O.  Bonney — J.  A.  Howe.  l41 


« DEUTOZOIC 

Sm,  —  I  can  extract  no  other  meaning  from  Mr.  Goodchild*» 
dBfenoe  of  the  term  '  Dentoxoio '  than  this  :  that  when  next  I  am  iu 
a  geologioal  difficalty — say,  ahout  the  age  of  the  earth — I  should 
refer  the  question  to  any  eminent  Professor  of  Theology,  and  submit 
to  his  decision.  T.  G.  Bonnet. 


CREEP-FOLDING  IN  VALLEY  BOTTOMS. 

Sib, — When  I  read  in  "TTater,"  vol.  vi,  p.  491,  an  account  of  a 
paper  by  Professor  Boyd  Dawkins  dealing  with  the  e£fect  of  relaxation 
of  pressure  in  causing  folds  in  the  rocks  at  the  bottom  of  valleys 
I  thought  I  had  come  across  what  was  no  more  than  a  reporter'A 
error,  repeated  in  the  Gkolooioal  Magazine,  December,  1904, 
p.  618.  Since,  however,  an  almost  identical  statement  appears  in 
the  Proceedings  of  the  Manchester  Lit.  and  Phil.  Soc.,  vol.  xHx,  p.  8, 
I  presume  that  it  correctly  represents  Professor  Dawkins's  views 
on  the  subject. 

The  folding  in  the  strata  at  the  bottom  of  the  Don  and  Derwent 
Valleys  is  held  by  the  author  to  be  "  analogous  in  every  particular  '* 
to  'creep '  in  coal- workings  ;  and  he  goes  on  to  say  :  '*  This  may  be 
itndied  in  any  coal-pit  where  there  is  a  superincumbent  pressure, 
say,  of  more  than  1,000  feet."  Now,  the  maximum  pressure  available 
at  the  Howden  and  Derwent  dams  is  due  to  no  more  than  900  feet ; 
moreover,  this  maximum  pressure  is  only  reached  at  a  distance 
of  1^  miles  from  the  valley,  and  is  increasingly  reduced  as  the  latter 
is  approached. 

It  cannot  be  contended  that  the  removal  of  <'  at  least  9,700  feet " 
of  rock  from  above  the  site  of  the  dams  has  bad  anything  to  do 
with  the  folding  in  the  valley  bottom,  and  yet  it  is  difficult  to  see 
for  what  other  purpose  these  figures  are  introduced  except  to  lend 
support  to  the  theory. 

There  is  not  the  slightest  evidence  to  show  that  the  Derwent 
Valley  was  ever  deeper  than  it  is  now ;  but  if  Professor  Dawkins's 
figures  mean  anything  they  imply  a  valley  9,700  feet  deep  with  the 
stream  on  its  present  bed,  J.  Allen  Howe. 

MiTSEUM  OF  Practical  Geology, 
London. 
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PROFESSOR    JOSEPH     P.    O'REILLY,    C.E.,    M.R.I.A. 

BoEN  July  11,  1829.  Died  January  G,  1905. 

By  the  death  of  Joseph  P.  O'Keilly,  lately  Professor  of  Mining 
and  Mineralogy  at  the  Royal  College  of  Science,  Dublin,  yet  another 
link  with  the  older  generation  of  Irish  geologists  and  archseologists 
has  been   severed,   as  also   the   ties  of  friendship   which   existed 
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between  him  and  all  those  who  came  in  contaot  wiih  his  channing 
personality.  To  none  will  the  news  of  his  death  come  with  greater 
feelings  of  regret,  than  to  his  former  pupils,  amongst  whom  the 
writer  is  glad  to  be  able  to  number  himsel£ 

As  a  teacher,  Professor  O'Reilly  possessed  the  comparatively 
rare  distinction  of  being  able  to  make  lectures  on  Mineralogy 
interesting,  as  well  as  instructive.  A  strong  advocate  of  the  use  of 
the  blackboard  for  demonstration  purposes,  he  largely  availed 
himself  of  this  method  of  teaching,  for  which  indeed  his  really  fine 
draughtsmanship  eminently  fitted  hira.  The  beautiful  perspective 
representations  of  the  more  complicated  crystal  forms,  which  he 
drew  with  surprising  rapidity  and  accuracy  on  the  blackboard,  are 
not  likely  to  be  ever  forgotten  by  those  who,  under  his  sagis,  were 
first  introduced  to  the  science  of  crystallography.  His  concern  for 
his  students  did  not  end  with  the  lectures ;  he  took  a  personal  and 
kindly  interest  in  each,  and  was  ever  ready  with  his  help  and 
advice  both  during  and  after  their  college  career. 

The  fifth  son  of  the  late  Thomas  Beilly,  Taxing  Master  in  Chancery 
in  Dublin,  Professor  O'Reilly  was  born  in  the  town  of  Monaghan  in 
1829.  Owing  to  the  absence  of  facilities  in  Ireland,  at  that  time, 
for  learning  the  science  of  civil  engineering,  he  went  to  Paris  and 
studied  for  some  years,  at  the  Ecole  Oentrale  des  Arts  et 
Manufactures,  obtaining  the  Engineering  diploma  of  that  institution 
in  1855,  and  incidentally  getting  his  first  instruction  in  geology  and 
mineralogy. 

In  1856,  he  obtained  the  appointment  of  engineer  to  a  French 
mining  company,  then  engaged  in  exploiting  the  newly  discovered 
zinc-mines  of  Santander  in  Spain.  Later  he  was  engaged  by 
a  second  French  company,  who  were  working  the  deposits  of 
sulphate  of  soda  in  the  Jarama  valley  near  Madrid.  Returning  to 
Ireland  in  1863,  he  published  the  results  of  his  geological 
investigations  in  the  foregoing  districts,  in  a  series  of  papers  written 
in  conjunction  with  the  late  Dr.  W.  E.  Sullivan.  He  became 
subsequently  connected  with  the  Mining  Company  of  Ireland,  at 
the  time  when  the  Silvermines  district  in  Tipperary  was  being 
extensively  worked.  In  1868  he  was  appointed  Professor  of  Mining 
and  Mineralogy  at  the  Royal  College  of  Science  for  Ireland, 
a  position  which  he  held  till  the  year  1899.  In  addition  he  held 
the  post  of  Secretary  in  the  same  college  from  1881  to  1894.  He 
was  also  President  of  the  Royal  Geological  Society  of  Ireland,  in  the 
year  1885 ;  Vice-President  of  the  Royal  Irish  Academy  from  1886  to 
1889,  and  again  from  1901  to  1904;  and  acted  as  extern  examiner 
in  geology  to  the  Royal  University  of  Ireland,  for  several  years. 

His  published  contributions  to  the  literature  of  Irish  geology, 
mineralogy,  and  archeeology  were  very  numerous,  altogether  some 
sixty  in  number.  A  full  bibliography  will  be  given  in  the  Irish 
Naturalist  for  March,  and  hence  they  need  not  be  individually 
mentioned  here.  His  geological  papers  dealt  mainly  with  earth- 
quakes and  volcanic  phenomena,  and  also  with  rock-joints,  and  their 
influence  on  the  direction  of  coastlines.     These  papers,  which  were 
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mally  volaminous,  betray  an  immense  amonnt  of  painstaking  work, 
tuob  as  few  would  oare  to  undertake.  As  an  instance,  his  catalogue 
of  British  and  European  earthquakes,  which  covers  some  250  quarto 
pages,  in  the  Transactions  of  the  Boyal  Irish  Academy  (vol.  xxviii) 
may  be  mentioned.  After  retiring  from  his  professorship  in  1899, 
his  papers  were  mainly  on  archsdological  subjects,  and  were  chiefly 
descriptive  of  some  of  the  older  ecclesiastical  remains  in  the 
neighbourhood  of  Dublin. 

Sinoe  the  year  just  mentioned,  no  less  than  ten  papers  were 
written  and  pubUshed  by  him ;  he  was,  in  fact,  working  up  to  and 
actually  on  the  very  day  of  his  death,  which  took  place  suddenly  on 
the  evening  of  the  6th  of  January  of  the  present  year. 

HxNBT  J.  Sbyxoub. 


THOMAS    WILLIAM    SHORE,    F.Q.S. 

BoBic  Apkil  15,  1840.  Dibd  Janua&t  15,  1905. 

We  regret  to  record  the  death  of  Mr.  T.  W.  Shore,  who  for  many 
years  was  Curator  of  the  Hartley  Institution  at  Southampton,  and 
one  of  the  founders  and  Organising  Secretary  of  the  Hampshire 
Field  Club.  Mr.  Shore  was  much  interested  in  local  geology  and 
archsdology,  and  was  one  of  the  secretaries  of  Section  C  of  the 
British  Association  at  the  Southampton  meeting  in  1882,  for  which 
meeting  he  prepared  the  local  guide. 

He  was  the  author  of  artioles  on  ''  The  New  Dock  Excavation  at 
Southampton,"  with  J.  W.  Elwes  (1889),  "The  Clays  of  Hampshire 
and  their  Economic  Uses  "  (1890),  "  Springs  and  Streams  of 
Hampshire'*  (1891),  "Hampshire  Mudlands  and  other  Alluvia" 
(1893),  "  Hampshire  Valleys  and  Waterways  "  (1895) ;  all  published 
in  the  Papers  of  the  Hampshire  Field  Club. 

On  retiring  from  the  Hartley  Institution,  he  settled  at  Balham, 
near  London,  and  devoted  himself  more  especially  to  antiquarian 
work.  He  assisted  in  founding  the  Balham  Antiquarian  Society, 
of  which  he  was  Secretary,  and  he  was  also  Secretary  of  the  London 
and  Middlesex  Archaeological  Society.^ 


PROFESSOR     GEORGE    BOND    HOWES,   LL.D.,  F.R.S. 

BoBN  September  7,  1853.  Died  February  4,  1905. 

Biological  science  has  sustained  a  heavy  loss  by  the  death  of 
Professor  O.  B.  Howes,  whose  high  scientific  attainments,  coupled 
with  an  exceeding  amiability  of  character  and  ever  ready  disposition 
to  assist  those  who  needed  his  help  in  their  work,  had  endeared  him 
to  a  wide  circle  of  friends  and  students. 

George  Bond  Howes  was  born  in  London  in  1853 ;  he  was  the 
eldest  son  of  the  late  Thomas  Johnson  Howes,  and  was  educated  at 
a  private  school.  He  entered  the  Biological  division  of  the  Hoyal 
School  of  Mines  in  1874  under  Professor  Huxley.     In  1881  be  was 

*  We  are  indebted  for  some  of  the  above  particulars  to  the  Times ^  Jan.  17,  1905. 
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made  Demonstrator  in  Biology  in  the  Normal  Sohool  of  Soienoe, 
and  in  1885  Assistant-Professor.  Professor  Huxley  in  that  year 
was  compelled  by  ill-health  to  resign  all  his  pabfic  offices,  only 
retaining  his  connection  with  the  Normal  Sohool  of  Science  and 
Hoyal  School  of  Mines  as  Dean  and  honorary  Professor  of  Biology. 
On  Professor  Huxley's  death  in  1895,  Dr.  Howes  was  appointed  his 
successor  as  Professor  of  Zoology.  He  was  formerly  Lecturer  on 
Comparative  Anatomy  to  St  (George's  Hospital  Medical  School,  and 
for  several  years  was  one  of  the  Examiners  in  Biology  to  the 
University  of  London ;  a  Vice-President  and  member  of  Council  of 
the  Zoological  Society  of  London ;  Hon.  Zoological  Secretary  Linnean 
Society ;  ex- President  of  the  Malaoological  Society ;  and  President 
of  Section  D,  British  Association  in  1903.  Dr.  Howes  was  widely 
known  by  his  "  Atlas  of  Practical  Elementary  Biology/'  and  by  his 
papers  on  the  morphology  and  physiology  of  the  Yertebrata,  both 
recent  and  fossil.  He  was  joint  editor  with  Dr.  D.  H.  Scott  of 
a  revised  and  extended  edition  of  Huxley  <&  Martin's  "Course  of 
Practical  Instruction  in  Elementary  Biology." 

His  death  at  the  comparatively  early  age  of  51  years  was  doubtless 
accelerated  by  a  combination  of  unfortunate  accidents,  which  acting 
opon  a  highly  nervous  organisation  proved  too  severe  for  his 
delicate  constitution  to  sustain.  He  leaves  a  wife  and  daughter  to 
deplore  his  loss. 


Dover  Coal-bobing.— It  is  satisfactory  to  learn  that  *'  At  last  the 
dogged  perseverance  of  those  who  direct  the  policy  of  the  Con- 
solidated Kent  Collieries  Corporation  (Limited),  on  whose  shoulders 
have  fallen  the  mantles  of  several  Kentish  coal  companies,  has  been 
rewarded,  and  a  workable  seam  of  bituminous  coal,  one  foot  eight 
inches  thick,  has  been  '  struck.'  "  We  quote  these  words  from  the 
Morning  Post  of  February  4th.  It  will  be  remembered  that  a  boring 
at  Dover  in  search  of  coal  was  commenced  in  1886,  and  the  discovery 
of  coal  was  announced  in  1890.  The  present  record  of  " '  Black 
Diamonds'  at  last"  is  simply  the  confirmation  of  the  evidence 
obtained  in  the  original  boring  by  the  sinking  of  a  shaft  through 
the  same  series  of  strata  to  a  depth  of  1274  ft.  10  ins.  A  coal- 
seam  found  in  the  original  boring  carried  out  by  Mr.  F.  Brady  has 
now  been  struck  in  the  shaft  at  practically  the  same  level,  and  about 
12  tons  of  good  coal  have  been  raised.  It  is  stated  that  a  second 
shaft  must  be  sunk  before  the  coal  can  be  worked.  There  is 
a  second  shaft  which  is  over  600  feet  deep,  but  it  is  calculated  that 
at  least  two  years  must  elapse  from  the  time  the  plant  has  been 
secured  before  this  shaft  can  be  completed.  Meanwhile  the  present 
shaft  must  be  sunk  more  than  500  feet  deeper  to  reach  other 
seams  proved  in  the  original  boring.  From  a  geological  point  of 
view  the  prospect  is  encouraging. 
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L— DiYONiAN  Fossils  from  the  Parish  of  St.  Minybr,  North 

Cornwall. 

By  Howard  Fox,  F.G.S. 

I  CONTRIBUTED  a  paper  to  the  April  number  of  the  Oeo- 
LOOiOAL  Magazine  for  1900  on  the  geology  and  fossils  of  the 
Oeronian  rocks  on  the  north  coast  of  Oomwall,  south  of  the  River 
Chmel.     In  the  present  commnnication  I  propose  to  notice  a  series 
of  fossils  which  I  have  lately  obtained  from  the  slaty  rocks  of 
Devonian  age  in  the  parish  of  St.  Minver  on  the  north  of  the  Camel, 
which,  from  Trewornan,  one  mile  north  of  Wadebridge,  for  the 
lower   five  miles   of  its  course  as   river  and  estuary,  forms  the 
southern  and  south-western  boundary  of  this  parish.      The  open 
aea-ooast  forms  its  northern  and  north-western  boundary,  extending 
horn  the  easterly  limit  at  the  Cove  of  Port  Quin,  the  site  of  an  old 
but  now  forsaken  fishing  village,  about  eight  miles  south-west  of 
King  Arthur's  Castle,  Tintagel,  westwards  round  the  basaltic  cliffs 
of  Pentire  Head,  and  thence  in  a  southerly  direction  to  the  estuary 
of  the  Camel. 

The  fossils  generally  occur  partially  weathered  out  on  the  surface 
of  the  slates  of  the  low  cliffs  and  beaches  along  the  coastline  and 
estuary.  We  propose  first  to  refer  to  the  principal  localities  where 
they  have  been  obtained,  beginning  at  Port  Quin  and  following  the 
northern  and  western  coastline  to  the  estuary,  and  then  eastward, 
along  the  southern  boundary  to  Trewornan.  The  names  of  the 
places  mentioned  will  be  found  on  the  6  inch  maps  of  the  Ordnance 
Survey. 

The  first  locality  west  of  Port  Quin  where  fossils  have  been  found 
is  at  the  small  cove  of  Epphaven,  about  a  mile  distant.  In  bluish 
slates  at  this  place  a  fragmentary  Ophiurid  (Brittle-star)  was 
obtained  by  Miss  Barbara  Legg  in  1902.  The  specimen  has  been 
described  and  figured  by  Dr.  Bather  under  the  name  of  Sympternra 
Minverif  n.  g.  et  sp.,  in  the  accompanying  paper.  The  same  slates 
also  contain  detached  crinoidal  stem-joints  and  minute  spine-like 
bodies  referred  to  Styliola,  r 
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To  the  west  of  Oom  Head,  in  slaty  boalden  on  the  beacb  and  in 
the  oliffs,  small  branching  corals,  belonging  to  Paehypora,  and 
crinoidal  fragments  are  occasionally  met  with. 

On  the  south  side  of  il^entire  Point,  and  immediately  west  of 
P^tire  flaven,  therb  are  several  ottveff,  floored  With  bright  shingle, 
known  as  the  *  Gravel  Caverns.'  Seaward  of  these  caves  there  are 
three  large  masses. of  oong]omexate<  jconspioaoiia  from  the  bright 
pebbles  of  which  they  are  largely  composed,  and  beyond  these 
seawards  several  beds  of  the  same  kind  of  rock  may  be  seen  when 
storms  have  partially  removed  the  loose  beach  material  which 
usually  covers  them.  Another  bed  of  this  rock  is  also  visible, 
forming  a  ledge  at  the  base  of  the  cliff  north  of  the  Gravel  Caverns 
towards  Pentire  Point.  The  conglomerates,  and  the  slates  in 
contact  with  them,  contain  fragments  of  fossil  wood,  branching 
coral,  Paehypora  sp.,  crinoidal  joints,  Cardiola  reirostriata,  Orthoeenu 
or  BactriUs,  and  small  Goniatitee.  The  moUusean  remains  are 
nsually  pyritized. 

From  Pentire  Haven  we  pass  southward  for  some  miles,  coasting 
the  cliffs  of  Pentire  Glaze  Haven,  Polzeath,  Trebetheric  Point,  and 
Daymer  Bay,  till  we  reach  the  igneous  rocks  of  Bray  Hill.  The 
cliffs  are  composed  of  beautifully  banded,  purple,  green,  grey,  and 
buff  slates  which  De  la  Beche  ^  classed  in  error  with  the  variegated 
Lower  Devonian  slates  of  Watergate  Bay,  further  to  the  south.  No 
fossils  have  as  yet  been  met  with  in  these  northern  variegated  slates. 

The  village  of  Rook,  to  which  the  ferry-boat  from  Padstow  plies, 
is  at  the  northern  boundary  of  a  range  of  shore-line  which  extends 
in  a  south-easterly  and  easterly  direction,  forming  the  north  bank 
of  the  Camel,  as  far  as  Tre woman  at  the  eastern  comer  of 
St.  Minver  parish.  Along  this  shore  beds  of  slate,  limestone,  and 
various  igneous  rocks,  including  volcanic  lavas  and  tuffs,  are 
exposed.  The  slates  are  very  strongly  cleaved,  so  that  it  is  difficult 
oftentimes  to  distinguish  bedding  and  cleavage  and  to  determine 
their  strike.  In  places  they  are  very  fossiliferous,  and  not  in- 
frequently the  fossils  are  in  better  preservation  than  those  hitherto 
found  in  the  rocks  south  of  the  Camel.  This  fossiliferous  coast  area 
may  be  considered  more  conveniently  in  the  following  divisions : — 

1.  Porthilly  Cove,  t.e.  from  Bock  to  Porthilly  Point. 

Some  of  the  slates  contain  numerous  specimens  of  minute  Styliola^ 
whilst  in  other  slates  of  a  blue  or  brown  colour,  in  the  neighbourhood 
of  igneous  rooks,  cup-corals  and  crinoidal  remains  are  present,  but 
they  are  very  poorly  preserved. 

2.  Porthilly  Point  to  Gentle  Jane  or  Cant  HUL 

In  the  low  cliffs  south  of  Porthilly  Point  there  are  black  nodules 
containing  fragments  of  Conutaria,  and  beyond  these,  in  a  series  of 
old  slate  quarries,  cup-corals,  crinoidal  remains,  Styliola^  and  casts 
of  small  doubtful  Brachiopods  or  Lamellibranchs  are  present.    Oasts 

*  Eepoi-t  on  the  Gco'o^y  of  Cornwall,  etc.,  p.  91. 
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«f  PUurodieiyum  are  plentiful ;  oq  one  loose  slab  of  slate,  8  feet  by 
^  feet,  four  oolonies  were  found  ;  some  of  the  specimens  are  in  veiy 
Uir  preservation.  Near  the  eastern  end  of  this  section,  two  small 
Trilobites  were  found  in  blue  slates  on  the  foreshore:  they  have 
been  referred  by  Dr.  H.  Woodward  to  Phaeopi  latifrons, 

3.  Gentle  Jane  or  Cant  SiU  to  Cant  Cove* 

The  beach  at  Gentle  Jane,  like  most  of  those  along  these  fore- 
shores, is  composed  of  worn  fragments  of  blue  slate,  with  hardly  any. 
idmixture  of  quartz  pebbles  or  sand.  It  is  situated  at  the  western 
^d  or  foot  of  a  long  flat-topped  hill,  247  feet  in  height,  composed 
for  the  most  part  of  volcanic  lavas  and  tuffs  (Schalstein).  The 
slates  of  this  range  of  shore  become  increasingly  fossiliferous  as  the 
ifl^eons  rocks  are  approached.  About  800  yards  from  Gentle  Jane 
the  slates  are  nodular  and  contain  casts  of  Cephalopods,  which  are 
described  by  Mr.  G.  0.  Crick  in  the  annexed  paper.  They  belong 
to  Orihoeerae,  Cophinoeeras,  and  Agoniatitee, 

To  the  east  of  the  area  characterized  by  the  predominance  of 
Cephalopods  there  are  three  exposures  of  igneous  rock,  and  about 
150  yards  beyond  the  last  of  these  there  are  some  nodular  grey, 
fipreenish,  and  buff  slates,  in  which,  with  some  Polyzoa  and  other 
fossils,  a  fair  number  of  Trilobites  belonging  to  the  genus  Fhacope 
are  present  Some  of  these  are  in  good  preservation,  and  retain  the 
facetted  structure  of  the  eyes  in  fairly  perfect  condition. 

Tet  further  eastwards  the  foreshore  is  covered  to  a  varying  extent 
with  rounded  fragments  of  lava  and  tuff  simileu:,  Mr.  Ussber  informs 
me,  to  the  Schalstein  of  Drake's  Island,  Plymouth,  and  other  localities 
in  Cornwall  and  Devon.  Some  of  the  slates  interbedded  with  the 
Schalstein  are  filled  with  fossils  which  are  now  for  the  most  pcurt 
decomposed  to  a  bright  red  rust,  and  consequently  in  a  very  fragile 
condition. 

This  tract  of  foreshore  included  in  the  term  of '  Cant  Hill '  is  by 
far  the  most  prolific  in  the  area  of  St.  Minver,  both  in  the  number 
and  variety  of  its  fossils,  and  in  addition  to  the  genera  already 
mentioned  as  occurring  in  it  the  following  are  also  represented: 
Petraia,  ZaphrentiSy  Cyathophyllumf  Amplexus,  FavositeSj  AlveoUteB, 
Pleurodictyum,  Monticulipora,  Fenestella,  Polypora,  Phyllopora,  Atrypa, 
Spirifer,  Pentamerus,  Bhynchonella,  Orthothetes,  and  Contdaria. 
-Crinoidal  remains  are  also  plentiful,  but  they  cannot  be  assigned  to 
any  particular  genus. 

4.   Cant  Cove  to  Dinham  Creek, 

Hounding  Cant  Cove,  we  find  on  the  shore  to  the  east  pale  grey 
elates  from  which  were  obtained  Styliola,  Polypora,  and  a  well- 
preserved  and  interesting  small  Trilobite,  which  Dr.  H.  Woodward 
has  figured  and  referred  to  Phacopa  grannlatm,  Miinster.  A  fairly 
perfect  cast  of  an  OrihoceraSj  figured  and  described  by  Mr.  Crick  as 
near  to  0.  hercynicum,  was  also  found  in  these  slates.  Crinoidal 
stem-joints  are  likewise  common. 
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Igneoos  rocks  are  present  on  both  sides  of  the  entrance  to  Dinham 
Creek,  whilst  at  the  inner  end  of  the  oreek,  south  of  the  bridge 
crossing  the  stream,  there  are  scTeral  beds  of  limestone.  These  have 
been  noted  by  De  la  Beche  on  the  Sorvey  Map. 

5.  Dinkam  Oreek  to  ZVswomaii. 

In  this  tract  of  the  shore  the  only  fossils  met  with  are  SiyUola, 
the  oast  of  a  small  Gasteropod,  and  scTeral  fragmentary  specimens 
of  Or<Aoeera«9  which  have  been  referred  by  Mr.  Crick  to 
0.  ttOMomaittf,  Foord,  0.  gradU^  Blom.,  O.  sp.,  intermediate  between 
0.  raipaforme,  Boem.,  and  O.  ttibeoiiteiim,  Boem.,  and  a  fragment  of 
a  BadritM.  The  low  diffii  extending  for  aboot  half  a  mile  to 
Trewoman  are  composed  of  variegated  unfossiliferons  slates  similar 
to  those  in  the  cliffs  between  Pentire  Haven  and  Bock. 

LIST  OF  FOSSILS  FROM  ST.  MINVER. 

Hitherto  no  list  of  the  fossils  from  this  particolar  area  appears  to 
have  been  poblished,  and  it  seemed  therefore  desirable  to  prepare 
one  which  woold  be  of  service  in  comparing  with  the  fossil  faonas 
from  other  parts  of  Cornwall,  and  also  throw  some  light  on  the 
particular  horizon  of  the  Devonian  series  to  which  they  may  be 
referred.  Not  having  the  special  knowledge  or  the  requisite 
opportunities  for  determining  the  fossils  myself,  I  have  again  had 
recourse  to  the  assistance  of  my  palaBontological  friends  who  have 
helped  me  in  past  years,  and  desire  here  to  express  my  great 
obligations  to  Dr.  H.  Woodward,  F.B.S.,  who  has  described  the 
Trilobites,  to  Mr.  G.  C.  Crick,  F.G.S.,  for  the  determination  of  the 
Cephalopods,  to  Dr.  F.  A.  Bather,  F.G.S.,  for  the  description  of 
the  new  Ophiurid,  to  Dr.  C.  A.  Matley,  F.G.S.,  who  had  examined 
the  Brachiopoda,  and  to  Dr.  G.  J.  Hinde,  F.B.S.,  for  the  list  of  the 
Corals  and  Polyzoa. 

AOTIKOZOA. 

Petraia  spp.    Casts  of  small  cup-corals,  probably  representing  two 

or  more  species.     Common  at  Cant  Hill,  east  of  Cant  Cove. 
Zaphrentia  sp.     Depressed  conical,  at  summit  20  mm.  wide,   20 

principal  septa,  well-marked  fossula.    Cant  Hill. 
Amplexus  (?)  sp.    Compound,  branching,  the  branches  diverge  from 

a  common  stock,  about  10-15  mm.  in    diameter  and  about 

150  mm.  in  length.    Septa  about  40,  their  interior  characters 

not  shown.    Cant  Hill. 
Cyathophyllum  sp.    Cylindrical,  5-6  mm.  in  diameter,  about  86  septa. 

Cant  Hill.     Bare. 
Favosiiea  sp.     A  small  fragment  on  a  slab  with  Airypa  reiictdaria. 

Cant  Hill. 
Alveolites  sp.      Plate-like    growths,   some  measuring  70  mm.   by 

50  mm.,   walls   replaced   by  rusty  material,   corallites  about 

0*5  mm.  in  width.    Cant  Hill.     Common. 
Paehypora  sp.      Branching    form,   the   branches  about  5  mm.    in 

diameter,  and   the  corallites  about  0*5  mm.  wide.      West  of 

Com  Head. 


from  St  Minver,  North  Cornwall.  149 

Packtfpora,  sp.  a.  Fragment  of  a  branohing  speoimen,  the  branches 
10  mm.  in  diameter,  corallites  round  or  oval,  0*8  mm.  wide. 
Gravel  cavern  conglomerate,  south  of  Pentire  Point. 

Pkurodietifum  sp.  The  same  forms  as  those  from  Oonstantine  Bay, 
Porthoothan  Cove,  and  other  localities,  described  in  Obol.  Mao., 
Dec.  IV,  Vol.  VII  (1900),  p.  161,  PI.  VII,  Pig.  11.  Bast  of 
Porthillj  and  Cant  Hill.    Common. 

Ophiitbidea  and  Cbinoidka. 

Sjfmptermra  Minveri,  Bather.    ^See  accompanying  paper.)   Epphaven. 

Ciiiu)idea.  Stem-joints,  usually  as  casts.  Epphaven ;  west  of  Com 
Head;  south  of  Pentire  Head,  in  conglomerate;  Porthilly 
Cove ;  south  of  Porthilly  Point ;  Cant  Hill ;  east  of  Cant  Cove. 
Common. 

Tbilobita. 

Described  by  Dr.  H.  Woodward.    (See  accompanying  paper.) 

Phcops  latifrons,  Bronn.     Cant  Hill.     Common. 

„       grantUatus,  Miinster.  Cant  Hill ;  east  of  Cant  Cove.  Common. 
„       ( Crifphaus)  punetatus,  Steininger.     Cant  Hill. 
„       {Trimeroeephalus)  UevU  (?),  Munster.     Cant  Hill. 

POLTZOA. 

MoiUiculipora  (Monotrypa)  sp.     A  small  fragment,  encrusting,  cells 

about  0'25  mm.  broad.     Cant  Hill. 
Fenettella,  sp.  a.     Polyzoary  fan-shaped,  branches  straight,  closely 

set,  0*5  mm.   in  width,   fenestrules   oval,   0*5  mm.  in  length, 

2~t$  zooecia  between  each  dissepiment,  apertures  prominent  and 

thickened.     Cant  Hill. 
Fene$teUat  sp.  b.     Only  a  small   part  of  the  upper  face  shown. 

Branches  narrow,  0*3  mm.  in  width,  keel  prominent,  fenestrules 

subangular,  about  0*8  mm.  in  length,  2-3  cells  between  each 

dissepiment.     Cant  Hill. 
PcHypora  sp.     Fragment.     Branches  0*5-0*7  mm.  broad,  fenestrules 

oval,  1  mm.  long  by  0*5  mm.  wide,  3-4  rows  of  cells.     East  of 

Cant  Cove. 
PhyUopora  sp.     Fragment     Branches  inosculating,  0*5-0*8  mm.  in 

width,   3-4   rows  of  cells,   alternating,   fenestrules   elongate, 

irregular.     Cant  Hill. 

Bbaohiopoda. 

The  Brachiopods  have  been  kindly  examined  by  Dr.  C.  A.  Matley, 
who  reports  that,  owing  to  the  fact  that  many  of  the  specimens  are 
only  casts  and  these  often  crushed  and  distorted,  their  exact 
identification  is  very  difficult,  and  the  names  given  to  them  should, 
therefore,  with  some  exceptions,  be  considered  as  approximations 
rather  than  certainties. 

OrikotheteB  crenistria  (?),  Phill.     Fragments  only.     Cant  Hill. 
Orihoihetes  (?).    Cast  of  interior ;  the  characters  are  peculiar,  and 
the  genus  cannot  satisfactorily  be  defined.    Cant  Hill. 
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AirjfpM  rtUedairUt  Iaul    A  niifl^  qwwiimin,  wdl  |ji«iieii>d.    Omt 

HilL 
Ainfpa  of.   deMqmamaia^    Sowcrbj.     Dr.  Matlej  stetas :    ^  I  am 

doobtfol,  as  there  are  aoine  peonliar  lidgea  in  the  interior  of 

both  Tal^es  (shown  in  the  internal  oasts),  whidi  I  have  not 

met  with  before  in  this  genus."    This  is  the  oommonest  form ; 

ten  specimens  were  obtained,  the  majority  are  oasts.    OsnfcHiU. 
Spirifer  sp.    The  nearest  species  to  this  seems  to  be  iS.  atUr^mgatOy 

Boemer,  but  this  appears  to  he  quite  distinct    Oant  Hill. 
Spirifer  sp.,  cf.  8.  wpeewta^  SdiL    A  single  specimen.    Cant  HilL 
Peniamern$  (?  Oypidmla)  brefrirmtrtM,  PhUl.    An  internal  cast     Cent 

HilL 
BhynehtmeUa  {CawuiroUBehia)  lalieotio,  Phill.,  ?  Tar.    There  are  only 

4  ribs  on  the  fold.    An  internal  oast    Cant  Hill. 

Lamklubbahohiata. 

Cardiola  reiro$(riala,  Yon  Bnch.     Pjritised  cssts.     GraTol  con- 
glomerate.   South  of  Pentire  Point 

PnaoPOBA. 

Sitfliola  sp.    Epphaven,  Porthilly  Cove,  west  and  east  of  Dinbam 

Greek. 
Coufdaria  avAparaUela,  Sandberger.    Cant  Hill. 

„        sp.,  of.  C,  deflexi€a$ta,  Sandberger.    Porthilly,  Cant  HilL 

Ckphalopoda. 
Described  hj  Mr.  G.  C.  Crick.    (See  aeoompanying  paper.) 

Orihoeeraa  cf.  heregnieum,  Kayser.     East  of  Oant  Cove. 

„  cf.  eammtUatum,  GiebeL     Cant  HilL 

„  nassovieHse,  Foord.    East  of  Dinham  Creek,  Trewoman. 

„  cf.  0.  rapaforme,  Room.,  and  0,  iubeonieum,  Roem.    East 

of  Dinham  Creek. 

„  graciUf  Blum.     Trewoman. 

„  or  Baetriies,    Conglomerate.     Gravel  Caverns,  sooth  of 

Pentire  Point 
B<%etrites  sp.     Trewoman. 
Cophinoeeras  sp.     Cant  Hill. 
Phragmoceras  (?)  sp.    Cant  HilL 
Tomocerag  sp.     Conglomerate.     Qravel  Caverns. 
Agoniatites  sp.     Cant  HiU. 

Altboagb  the  specific  characters  of  many  of  the  fossils  in  the 
above  list  cannot  be  recognized  owing  to  their  imperfeet  preservation, 
there  appears  to  be  sufficient  evidence  to  justify  the  conclusion  that, 
whilst  the  Gravel  Cavems  conglomerate  and  the  slate  rocks  forming 
the  banks  of  the  north  shore  of  the  Camel  estuary  in  the  Porthilly 
and  Dinbam  Creek  districts  are  Upper  Devonian,  those  in  the 
intermediate  and  more  southern  region  of  Cant  Hill  may  be  Middle 
Devonian  in  age. 


Dr.  H.  Woodward — Trilobitea  from  Cornwall.  161 

E— NoTKs  ON  A  smiis  OF  Tbilobitbs  obtaimsd  bt  Mb.  Howabd 
^  Fox,  F.O.Sv  VBOM  THS  Peyomiam  of  Cant  Hill,  St.  Mintbr,' 
Cornwall. 

67  HsKBT  Woodward,  LL.D.,  F.B.S.,  F.G.S. 
(PLATE  V,  F108.  1-^.) 

IN  September  of  last  year  I  received  from  Mr.  Howard  Fox,  F.O.S.» 
of  Falmouth,  nine  specimens  of  Trilobites  for  the  purpose  of 
(letarmination  and  description.  They  are  all  more  or  less 
fragmentary,  and  distorted  by  slaty  cleavage,  as  is  usually  the  case 
wiUi  fossils  from  these  Devonian  Slates  of  Cornwall  and  Devon, 
remiDding  one  of  the  distorted  Trilobites  and  Starfishes  from  the 
Lower  Devonian  Slates  of  Bundenbach,  Germany. 

I  subjoin  a  list  of  the  specimens  received  and  my  notes  thereon, 
which  I  hope  may  prove  acceptable  to  my  friends  in  Oornwall. 

I-  Fhtieop*  latifroru,  Bronn :  Cant  Hill,  St.  Minrer,  North  Cornwall. 

I'  ,    »»        {iuiifrom?)  „  „  „  „ 

H^>  „       ffranukUus,  Miinster:  east  of  Cant  Core,  north  shore.  North  Cornwall. 

^'       J,  „  ,,  Cant  HiU,  St.  Minyer, 


5. 
6. 

m 
i. 

8. 
9. 


{latifron*  P) 

punetattu,  Steininger: 

l^tviti?),  Munster: 

latifrons,  Bronn : 

tf 
11 
ft 
f» 
ff 


1.  Phaoops  latifroms,  Bronn.     (Plate  Y,  Figs,  la,  Ih,  2?) 


Calymene  latifrons,  Bronn,  1825 :  Leonhard's  Zeitschr.  f.  d.  Mineral.,  p.  317,  t.  ii, 

figs.  1-8. 
Phaeopa  latifrorUf  Sandberger,  1850:   Yerstein.  Rheinisch.  Schichtensyst.  Nassau, 

t.  i,  fig.  7. 
Pkaeopt  laiifrofu,  Salter,  1864:  Men.  Pal.  See.,  pt.  i,  p.  18,  pi.  i,  figs.  9-16. 

I  have  referred  Nos.  1,  2,  6,  and  9  of  Mr.  Howard  Fox's  specimens 
to  Pkacop$  latifrons,  Bronn,  which  is  one  of  the  most  characteristic 
forms  of  Devonian  Trilobites,  and  is  recorded  by  writers  on  this 
formation  from  Oornwall,  Devon,  the  Eifel,  in  Germany,  and 
elsewhere. 

No.  1  is  a  rolled  up  and  very  much  compressed  specimen  drawn 
on  PI.  y,  Fig.  la,  in  profile ;  the  same  specimen  being  also  shown 
from  the  underside  in  Fig.  16.  Fig.  la  exhibits  the  right  cheek  or 
glabella,  and  the  large  compound  eye,  which  is  very  prominent  in 
this  species.  The  surface  of  the  glabella  (which  in  P.  latifrons  is 
covered  with  coarse  tubercles)  is  completely  obliterated  in  this 
specimen  by  the  compression  which  the  fossil  has  undergone  in 
the  matrix.  The  angle  of  the  cheek  is  bluntly  rounded  off  and  not 
produced  into  a  genal  spine,  the  border  is  rounded  and  slightly 
elevated.  The  visual  surface  of  the  eye  forms  a  raised  crescent, 
9  mm.  above  the  cheek  border,  with  a  length  of  18  mm.  along  its 
outer  curved  surface.  It  shows  upwards  of  twelve  rows  of  facets, 
each  row  having  from  five  to  six  distinct  prominent  rounded  lenses 
npon  its  surface.  The  compressed  body  and  head  are  35  mm.  in 
thickness  and  50  mm.  long  in  profile  in  their  present  folded  up  state. 
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Ilg.  lb  shows  the  flattened  out  thoraoioo-abclomiiial  segments 
and  a  part  of  the  pygidiom  seen  from  below.  The  most  anterior 
segments  are  seen  in  the  profile  view,  where  they  unite  with  the 
h^-shield  (Fig.  la) ;  the  others  in  Fig.  16.  Abont  ten  or  eleven 
free  segments  oan  be  ooonted  altogether.  The  ends  of  the  plenrsB 
are  recurved  and  rounded.  A  part  of  the  pygidium  is  exposed,  but 
the  rest  is  buried  in  the  matrix.  There  is  a  traoe  of  a  single  row 
of  three  or  four  tubercles  upon  the  axis  of  some  of  the  free  thoraoio 
segments.    The  body-segments  are  58  mm.  broad  by  51  mm.  lon^ 

No.  2  specimen  (see  PI.  Y,  Fig.  2)  consists  of  a  pygidmm 
accompanied  by  five  or  six  displaced  thoracic  segments.  The 
pygidium  is  much  flattened.  It  measures  52  mm.  in  breadth  by 
36  mm.  in  length.  The  axis  is  composed  of  about  ten  or  eleven 
coalesced  segments,  and  is  14  mm.  broad  at  the  proximal  end  (where 
it  united  with  the  free  body  segments),  diminishing  to  6  mm.  near 
the  blunted  free  border,  which  is  quite  flattened  out  by  pressure. 
Indications  of  about  six  coalesced  pleuras  mark  the  lateral  portion 
of  the  pygidium ;  the  axis  and  pleur»  are  sparsely  ornamented  by 
a  single  row  of  small  tubercles  on  each  segment  The  general 
rounded  form  of  the  pygidium  is  marred  by  the  extreme  compression 
to  which  it  has  been  subjected. 

On  No.  6  (marked  doubtfully  as  Fh.  lati/ron$  ?  )  are  two  badly- 
preserved  specimens  of  Trilobites,  each  showing  the  head  and  body 
rings  on  the  edges  of  the  cleavage-planes  (which  are  stronger  thui 
those  of  the  original  bedding)  ;  both  specimens  are  stained  red  with 
peroxide  of  iron.  Except  in  general  resemblance,  they  are  too 
obscure  for  accurate  determination.  Locality  as  before  stated,  Cant 
Hill,  St  Minver. 

No.  9  exhibits  parts  of  several  obscure  organisms,  preserved 
on  the  surface  of  a  small  slab,  some  of  which  appear  to  be 
orinoidal,  but  one  is  the  eye  of  a  Trilobite,  and  may  be  referred 
to  Fh.  latifrons.  This  species  is  recorded  from  the  Lower 
Devonian,  Hope  and  Barton,  South  Devon;  near  Liskeard  and 
Totnes  in  slates  with  Fleurodictyum  prchlematieum.  Middle 
Devonian,  Newton  Bushell ;  Upper  Devonian,  Barnstaple,  Pilton, 
Tealm  Bridge,  Launoeston.  Mr.  Howard  Fox*s  specimens  are 
labelled  from  Oant  Hill,  St  Minver,  on  the  northern  banks  of  the 
Camel  Estuary. 

2.  Phaoops  gramulatus,  Munster.     (Plate  V,  Figs.  3,  4.) 

Calymene  granulata^  Munster,  1842:  Beitrage,  Heft  5,  t.  y,  fig.  3. 

CalytMne  granuUUa,  Phillips,  1841 :  Pal.  Foss.,  fig.  248  (excl.  figs,  m,  »,  o,  p), 

Fhacopt  ffranulatus,  Salter,  1864 :  Mon.  Pal.  Soo.,  pt.  i,  p.  18,  pi.  i,  figs.  1-4. 

This  species  is  recorded  by  Salter  from  the  Upper  Devonian  of 
Petherwin,  Oomwall.  Although  so  small  (PI.  Y,  Fig.  3)  it  is  the 
best  preserved  and  most  interesting  of  Mr.  Fox's  specimens.  It 
consists  of  an  intaglio  and  relievo  of  a  small  Trilobite  (represented 
twice  the  natural  size  in  our  Plate),  measuring  24  mm.  long 
by  12  mm.  broad  (originally  broader,  but  compressed  by  slaty 
cleavage),  and  resting  on  the  edges  of  the  cleavage  planes  and 
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parallel  with   them,  whioh  aooounts  for  its  having  esoaped  even 
greater  distortion. 

MoGoy  originally  desoribed  it   in   1851   in   his   <' Synopsis  of 
Voodvrardian  Fossils,"  p.  177.     Salter  defines  it  as  **  Qeneral  form 
Iroad-oval.    Head  semicircular,  very  convex,  covered  with  grannies^ 
[Owing  to  the  absence  of  the  tests  the  ornaments  of  tubercles  on 
ibe  glabella  oannot  be  seen  in  Mr.  Fox's  specimen,  but  traces  of 
these  can  be  detected  in  the  intaglio.]     The  sides  (cheeks)   much 
•bent  downwards.     Glabella  fully  half  the  width  of  the  head,  very 
tumid,  slightly  pointed  in  front,  and  overhanging  the  front  margin. 
Its  greatest  width  exceeds  its  length,  even  including  the  neck- 
-aegments ;  a  small  basal  lobe,  with  a  tubercle  on  each  side,  but  no 
^labellal  furrows  visible.     Cheeks  moderate  [genal  border  rounded 
posteriorly],  with  a  strong  border.     Eyes  large,  prominent,  with 
4ew,  about  thirty-six,  lenses,  five  in  a  row  "  (after  McCoy).     We 
«inay  add  to  this : — Thorax  consisting  of  eleven  well-defined  free- 
segments;    axis    strongly   arched,    semi-cylindrical,    with   a  deep 
€urrow  separating  it  from  the  pleurte;   pleurao  strongly  recurved, 
Tonnded,  and  somewhat  expanded  at  their  extremities.     Pygidium 
-semicircular,  small,  convex,  surface  somewhat  smooth,  axis  well 
marked,  but  divisions  of  pleurae  only  faintly  indicated. 

Measurements :  length  of  head  7  mm.,  of  eye  4  mm.,  of  thorax 
12  mm.,  of  pygidium  5  mm. ;  breadth  of  axis  of  body  3  mm. 
Mr.  Howard  Fox's  original  specimen  is  from  east  of  Cant  Cove, 
St  Minver. 

No.  4,  This  specimen  (PI.  V,  Fig.  4)  no  doubt  belongs  also  to 
the  same  species  as  No.  3.  It  gives  a  side  view  of  another  example, 
in  which,  however,  the  head  is  partially  wanting,  but  the  crushed 
glabella  and  the  left  eye  can  be  detected. 

Total  length  24mm.  Head  6  mm.  long;  length  of  (11)  thoracic 
segments  12  mm. ;  pygidium  6  mm.  Breadth  of  exposed  axis  and 
left  pleurae  8  mm.  (broadened  by  pressure).  The  form  of  the 
pleurae  with  their  rounded,  recurved,  and  expanded  extremities  is 
well  seen  in  Fig.  4.  This  specimen  also  comes  from  the  Devonian 
of  Cant  Hill,  St.  Minver. 

Na  5.  lliis  example  is  not  figured.  It  is  similar  in  condition 
to  No.  4,  but  is  less  well  preserved.  All  the  thoracic  segments  seem 
present ;  the  head,  however,  is  wanting  (or  represented  only  by  the 
projecting  eye) ;  the  pygidium  is  also  absent.  Length  15  mm. 
Same  locality  as  preceding  specimen. 

3.  Phacopb  (CRYPHiBUs)  PDNOTATUS,  Stciuiuger.     (PL  V,  Fig.  5.) 

Olenus puneUxtuSf  Steininger,  1833:  Mem.  Soc.  Geol.  Fr.,  vol.  i,  p.  356,  pi.  xxii. 
IhaeofM  punctatus,  Salter,  1864  :    Mou.  Pal.  Soc,  p.  59,  pi.  i,  %s.  17-19  (and 
woodcut,  p.  59). 

This  specimen  is  marked  No.  7  in  Mr.  Howard  Fox*8  collection, 
and  like  the  others  is  from  Cant  Hill,  St.  Minver.  It  consists  of 
the  profile  of  a  head  of  a  trilubite  showing  the  free-cheek  and 
compound  facetted  eye.  The  margin  of  the  free-cheek  has  a  strong 
ridge  along  it,  and,  although  so  imperfect  a  fragment,  I  am  inclined 
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to  refer  it  to  Phaeops  punetatuB,  Steininger.  The  sarfaoe  of  the 
shield  is  pnnotate,  the  head  margiii  is  produoed  in  front  of  the 
glabella ;  the  posterior  angle  of  the  free-oheek,  though  not  complete, 
shows  that  it  was  originally  prolonged  backwards  into  a  genal 
spine.  Length  of  fragment  15  mm.,  length  of  visnal  surface  of 
eye  5  mm. 

Mr.  Salter,  in  1864,  records  imperfect  specimens  of  this  species 
as  having  been  foond  in  the  Middle  and  Lower  Devonian  of 
Torquay,  South  Devon,  and  from  the  slates  of  Liskeard,  Oomwall, 
and  he  remarks :  **  It  is  certain  that  a  very  beautiful  Trilobite  haa 
vet  to  be  found  in  Oornwall  and  S.  Devon,  and  collectors  should 
look  carefully  for  it "  (Pal.  Soc.  Men.,  p.  60).  We  have  now  to  add 
the  locality  of  St.  Minver. 

No.  8  consists  of  an  imperfect  series  of  nine  thoracic  segments, 
and  a  trace  of  head  and  pygidium  from  Cant  Hill.  Tl^e  free 
extremities  of  the  pleurce  are  less  curved  and  less  expanded  than  in 
Fh,  latifrona  or  in  Fh,  grantdatus,  and  the  pygidium  appears  to  be 
more  narrow  and  elongated,  but  this  may  be  due  to  distortion  in  the 
rock.  I  do  not  propose  to  determine  this  specimen  specifically,  but 
it  may  be  a  distorted  fragment  of  Phaeop$  {Trimeroeephalua)  Imois, 
which  has  been  obtained  both  in  North  and  South  Devon  and  at 
Mudstone  Bay,  etc. 

EXPLANATION  OF  FIGURES  OF  TRILOBITES  ON  PLATE  V. 

Fio.  la.— Profile  of  Phacopt  latifrotu,  Bronn.    DoTonian:    Cant  Hill,  St.  MinTer, 

Cornwall,     x  i. 
,,     lb. — Under  side  of  same  Bpecimen.    Nat.  size. 
,,     2. — Fh,  latifrofi*  (?).    Pygidium.   Devonian:  Cant  Kill,  St.  Minyer,  Cornwall. 

Nat.  size. 
,,     3. — PA.  ffranftlatuif  Miinster.    Profile  of  a  nearly  perfect  specimen  from  same 

formation,  east  of  Cant  Cove,  St.  Minver.     x  2. 
„     4. —  Fh.  gramUatiu^  Miinster.      A  less  perfect  specimen,  showing  thoracic 

segments,  imperfect   head   and   pygidium.     Same   formation.   Cant    Hill, 

St.  Minver.     x  2. 
„     5. — Fh.  punetatus,  Steininger.    An  imperfect  cheek,  with  eye.     x  2. 

(For  explanation  of  Figs.  6-8,  PI.  Y,  see  end  of  Mr.  G.  C.  Crick's  paper.) 


III. — On  some  Fossil  Cbphalopoda  from  Nobth  Cornwall 

COLLECTED   BY   Mb.   HoWABD   FoX,    F.Q.S. 

By  G.  C.  Cbick,  F.G.S.,  of  the  British  Museum  (Natural  Historj). 

(PLATE  V,  Fios.  6-8.) 

rpHE  followiDg  descriptions  are  based  upon  fossils  sent  to  me  for 
1  determination  by  Mr.  Howard  Fox,  F.G.S.  Excepting  the 
specimen  wbiob  is  compared  with  Orthoceraa  hercynicum  and  is 
marked  ''  E.  of  Cant  Cove,"  the  fossils  are  from  Oant  Hill,  St  Minver, 
N.  Cornwall. 

At  the  end  of  the  descriptions  are  added  notes  upon  some  very 
imperfect  fossils  which  Mr.  Fox  has  collected  from  other  looalities 
in  St  Minver. 
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OiTHOCBBAS  of.  HBBOTiriouM,  E.  Kayser.     (PL  Y,  FigR.  Ga,  Sh.) 

Ortkcetroi  lureyniettm,  £.  Kayser :   Abhandl.  zur  geolog.  Specialkarte  t.  PreaSsen,. 
etc.,  Bd.  u,  Heft  4  (1878),  p.  72,  pi.  x,  figs.  7,  8,  11 ;  pi.  xi,  fig.  3  (?). 

Among  the  Bpeoimens  submitted  to  me  by  Mr.  Howard  Fox  tbei-e 
•re  several  examples  of  the  genus  Orthoceras.  The  most  nearly 
perfect  specimen  is  represented  in  Pi.  Y,  Figs.  6a,  66.  It  i& 
aoruflhed  internal  cast  about  200  mm.  in  length,  of  which  the  body- 
chamber  oooupies  about  55  mm.  The  rate  of  tapering  is  about  1  in  5, 
the  greatest  width  at  the  aperture  being  about  40  mm.,  and  at  the 
last  septam  about  28  mm.  In  its  crushed  condition  the  depth  of  the 
chambers  is  about  one-third  of  their  width.  The  siphuncle  is 
slightly  excentrio  (see  Fig.  66).  Parallel  to,  and  at  about  8  mm. 
helow  the  aperture  on  the  side  of  the  body-chamber  opposite  to  that 
which  is  figured,  there  is  a  shallow  constriction  about  6  mm.  wide. 
There  are  no  remains  of  the  test ;  the  surface  of  the  cast  is  smooth. 
The  speoimen,  though  evidently  much  compressed  during  fossilization, 
probably  originally  had  an  elliptical  cross-section.  The  septa  are 
rather  oblique,  but  being  nearly  parallel  to  the  aperture  this  obliquity 
may  be  due  in  great  measure  to  crushing.  On  the  whole  the 
specimen  seems  to  be  comparable  with  such  a  form  as  Orthoceras 
iereynieum,  described  by  Eayser  from  the  limestone  at  HasselfeMe 
Id  the  Hartz  belonging  to  the  lower  part  of  the  Middle  Devonian, 
or  with  the  form  which  Kayser  figures  and  describes  as  Orthoceras  sp. 
(op.  oit.,  p.  72,  pi.  xi,  fig.  1),  from  the  same  horizon  and  locality. 

A  septated  fragment,  about  45  mm.  long,  is  possibly  referable  to 
this  same  species. 

Orthoobbas  cf.  coMMUTATUM,  C.  G.  Gicbel. 

(See  Text-figures,  p.  156,  Figs,  1,  la.) 
OrthceeroM  commutatum,  C.  G.  Giebel:  Fauna  der  Vorwelt,  Bd.  iii  (1852),  p.  233.* 

Another  Orthoceras  indicating  a  different  species  is  represented  in 
the  accompanying  figures  (Figs.  1,  la).  It  is  flattened,  slowly  tapering, 
and  about  92  mm.  long  ;  the  ventro-dorsal  and  transverse  diameters 
in  its  present  crushed  state  being  25  and  51,  and  23  and  40  mm. 
respectively.  It  consists  of  the  internal  casts  of  three  chambers, 
and  of  part  of  a  fourth,  the  anterior  one  being  imperfect ;  the  septa 
are  about  21  mm.  apart.  The  siphuncle  is  not  clearly  shown,  but 
at  the  posterior  end  of  the  specimen  there  appears  to  be  a  faint 
indication  in  a  slightly  excentric  position  of  something  which  may 
have  been  the  siphuncle.  There  is  also  a  depression  at  the  anterior 
end,  but  this  seems  to  be  the  impression  of  another  organism.  The 
surface  of  the  cast  is  smooth  ;  there  are  no  traces  of  any  sculpture. 
This  specimen,  characterized  by  its  deep  chambers  and  slowly 
tapering  shell,  appears  to  be  related  to  the  Devonian  form  which 
Eayser  has  figured  (loc.  cit.,  pi.  x,  figs.  1-3 ;  pi.  xi,  figs.  4,  8)  as 
Orthoceras  commutatum,  Giebel,  and  recorded  from  the  limestone  at 

'  This  ia  the  species  which  was  described  as  Orthoceras  longicaineratum  by  Foord 
(Cat.  Foes.  Ceph.  Brit.  Mus.,  pt.  i,  1888,  p.  80),  but  this  name  being  preoccupied 
Foord  altered  it  to  0.  noMovienae  (ibid.,  (Jorrigenda  and  Addenda,  p.  xxxi).  The 
species,  however,  is  eyidently  the  same  as  that  for  which  Giebel  had  afready  proposed 
the  name  0,  eommiUatum, 


Idti 
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Hasselfelde  in  the  Hartz,  a  looalitj  whioh  also  yieltls  the  previously- 
mentioned  speoiee,  Orthoeeras  hereynieum. 


Fio.  1. — Orthoceras  cf.  eommutatum^  C.  G.  Giebel,  showing  internal  casts  of  three 
chambeni,  and  of  part  of  a  fourth,  la,  anterior  end  of  the  same  specimen. 
Cant  Hill,  St.  Minv(>r,  Cornwall.  Drawn  of  two-thirds  of  the  nataral  size. 
(The  reduction  of  the  figure  causes  the  chambers  to  appear  shallower  than  they 
really  are.) 

CopniNocERAS  8p.     (PI.  V,  Figs.  8a,  86.) 

The  fosdil  whioh  is  here  referred  to  this  genus  consists  of  a  nataral 
internal  oast  of  a  (probably  the  greater)  part  of  the  body-obamber 
and  of  the  six  preceding  chambers  of  a  slightly  curved  shell.  It 
measures  on  the  outer  or  convex  curve  about  140  mm.,  of  which  the 
body-chamber  occupies  about  82  mm.  Only  one  side  and  a  small 
portion  of  the  other  are  exposed.  The  specimen  is  much  flattened, 
its  greatest  thickness  being  only  about  28  mm.  The  greatest  width  of 
the  fossil  is  at  about  the  middle  of  the  portion  of  its  septate  part,  and 
is  about  78  mm.,  but  the  boundary  of  the  concave  surface  of  the 
specimen  is  not  exposed.  Of  the  chambers  that  are  preserved  the 
oldest  is  the  deepest,  being  at  the  middle  of  the  lateral  area  12*5  mm. 
deep ;  in  a  similar  position  the  two  next  are  each  about  10  mm., 
the  next  about  8  mm.,  the  two  last  being  each  about  6  mm.  deep. 
Near  the  anterior  end  of  the  specimen  there  is  a  very  broad,  ill- 
defined,  shallow  constriction,  so  that  the  anterior  boundary  of  the 
fossil,  at  least  the  right-hand  side  of  it,  probably  represents  the 
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border  of  the  aperture.    The  latter  does  not  appear  to  have  been 

ooDstricted  as  in  the  genus  Fhragmocerat^  but  widely  open.    The 

fossil  appears  to  bear  slight  traces  of  the  ornaments  of  the  test* 

These  are  most  oonspiouous  on  the  bodj-ohamber,  and  consist  of 

seyeral  faint  parallel  longitudinal  ridges  from  5  to  12  mm.  on  the 

oater,  convex,  or  ventral  surface;   they  extend  on  to  the  septate 

part  of  the  shell,  where,  however,  most  of  them  are  much  less 

difltinct  owing  to  the  roughness  of  the  surface  of  the  specimen, 

bot  the  innermost  ridge,  which  is  at  about  30  mm.  from  the  outer 

boundary  of    the    specimen,   is   very  pronounced  and  somewhat 

irregular,  as  though  the  test  here  might  have  been  roughly  nodose. 

On  the  body-chamber  these  ridges  are  connected   by  transverse, 

&irly  olosely-set,  but  slightly  irregular  lines  crossing  the  interspaces 

between  the  ridges  in  curves  which  are  forwardly-concave.     There 

are  also  some  rather  coarser  and  more  irregular  wavy  lines  near  the 

base  of  the  inner  or  dorsal  portion  of  the  body-chamber,  but  these 

i&ay  not  be  traoes  of  any  surface  ornaments.     On  the  inner  or  dorsal 

side  of  the  body-chamber  a  strongly  incised  line  starts  from  the 

last  septum  at  about  12  mm.  from  the  inner  edge  of  the  fossil ; 

psssiDg  forwards  and  curving  over    towards  the  dorsal   side,  it 

fesches  the  boundary  of  the  fossil  at  a  point  about  12*5  mm.  in 

advance  of  the  last  septum.     Judging  from  observations  in  other 

fiissils  the  writer  believes  this  to  indicate  the  boundary  of  one  of 

tbe  shell-muscles,  this  being,  in  fact,  the  impression  of  one  of  the 

moBole-scars  as  it  was  preserved  on  the  inside  of  the  test,  the  latter 

having    subsequently    disappeared.      When    received    the    dorsal 

portion  of  the  specimen  was  entirely  obscured  by  matrix,  and  the 

fossil  looked  very  much  like  a  portion  of  a  Phragmoceras,  but  the 

removal  of  the  matrix  from  the  dorsal  surface  revealed  the  incised 

line  just  referred  to,  and  this  suggests  to  the  writer  that  the  fossil  is 

referable  to  a  widely-apertured  shell  rather  than  to  a  form  with 

a  contracted  aperture  such  as  Phragmoceras, 

In  general  appearance  tlie  fossil  presents  some  resemblance  to  the 
specimen  figured  by  D'ArcInac  &  De  Yerneuil  as  Fhragmoceratites 
»ubvefUrieosu9^  from  the  Middle  Devonian  of  the  Eifel,  but  that 
species  seems  to  lack  the  characteristic  sculpture  of  the  present 
specimen. 

The  fossil  appears  to  be  referable  to  Hyatt's  genus  Cophinoeeras,'^ 
a  genus  confined  to  the  Middle  Devonian,  and  including  both 
oyrtoceracones  or  slightly  curved  forms  and  gyroceraoones  or 
loosely  coiled  forms.  The  genotype  is  Gyrtoceratites  omatuB^ 
D'Arohiac  &  De  Vemeuil  (Trans.  Geol.  Soc,  ser.  ii,  vol.  vi,  pt.  2, 
1842,   p.   349,   pi.   xxvii,   fig.   5),    originally   described   from   the 

'  Trans.  Geol.  Soc.  London,  ser.  ii,  vol.  vi,pt.  2  (1842),  p.  3')1,  pi.  xxx,  figs.  1,1a. 
Referred  to  Cyrtoceras  (Ooceras)  JlexHOsumy  Schlotheim,  8p.,  by  A.  H.  Foord :  Cat. 
Fo68.  Ceph.  Brit.  Mus.,  pt.  i  (1888),  p.  316. 

*  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxii  (1883),  p.  285.  See  also  E.  Holzapfel : 
Abhandl.  d.  k.  Preuss.  j^eolog.  Landesanst.,  Neue  Folge,  Heft  16  (1895),  pp.  123 
et  seq.  Hyatt  originally  spelt  the  name  Kophinoceras,  a  spelling  adopted  by 
HoUapfel ;  but  in  Eastman's  translation  of  Zitters  Textbook  of  rala'ontology  (1900) 
Hyatt  spells  the  name  Cophinoceras  (p.  522). 
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Middle  Devonian  of  the  Eifel,  but  ooomring  alto  in  tlie  Devonian 
of  Mud«tone  Bay,  Sonth  Devon/  and  to  this  speoieB  the  pieaent 
speoimeQ  appears  to  be  allied.  Other  examples  of  this  genos 
were  figured  by  Phillips  in  his  work  on  the  PalflBOEoio  foasik 
of  Cornwall,  Devon,  and  West  Somerset,  and  by  Whidbome 
in  his  Monograph  on  the  Devonian  Fanna  of  the  Sonth  of 
England,  but  the  fossil  under  oonsideration  oannot  be  definitely 
referred  to  any  of  these,  nor  indeed  to  any  of  the  forms  desoribed 
by  Holzapfel  in  his  work  entitled  ''Das  obere  Mitteldevon 
(Sohiohten  mit  Siringoeephalua  Buriini  und  MaeneeeraB  ierebratum) 
im  Bbeinischen  Oebirge."'  The  specimen  appears  to  have  been 
originally  somewhat  laterally  compressed,  but  it  has  doubtless 
suffered  considerable  additional  compression  during  fossilisation. 
We  have  not  ventured  to  name  this  fossil,  the  affinities  of  whioh, 
however,  indicate  that  it  is  of  Middle  Devonian  age. 

Phbagmooebas  (?)   sp.     (PL  Y,  Fig.  7.) 

The  specimen  doubtfully  referred  to  this  genns  is  the  small 
natural  internal  cast  figured  in  PL  Y,  Fig.  7.  It  is  the  posterior 
portion  of  the  septate  part  of  a  rapidly  expanding  shell.  It  is 
15  mm.  long,  its  anterior  and  posterior  diameters  being  12  and 
-6*5  mm.  respectively,  five '  chambers  being  obscurely  visible.  It  is 
slightly  curved,  and  seems  therefore  to  have  been  the  posterior 
portion  of  a  Phragmoeeras  rather  than  of  a  0(mphoeer€L$  or  Poterioeeroi, 
but  it  is  too  imperfect  for  accurate  determination. 

AaoNiATiTEs  sp.     (Text-figures  2,  2a.) 

The  genus  Agoniatites  is  represented  by  a  laterally  compressed 
and  very  much  distorted  example  (see  accompanying  figures).  The 
specimen  consists  of  the  natural  internal  cast  of  the  greater  part  of 
the  body-chamber,  and  of  the  two  preceding  chambers,  but  is  so 
much  crushed  that  its  original  dimensions  cannot  be  ascertained.  It 
was  evidently  a  rather  rapidly  expanding  shell.  The  greatest 
height  at  the  anterior  part  of  the  body-chamber  is  42  mm.  At  the 
base  of  the  body-chamber  (see  Fig.  2a)  the  height  of  the  whorl  from 
the  margin  of  the  umbilicus  to  the  small  median  lobe  of  the  snture- 
line  is  27  mm.,  the  greatest  width  of  this  part  of  the  shell  being 
16*5  mm.  The  periphery  appears  not  to  have  been  acute,  but 
a  little  flattened,  there  being  indications  of  such  a  flattening  near 
the  base  of  the  body-chamber,  the  flattened  portion  being  apparently 
about  2*5  mm.  wide.  The  curve  on  the  inner  edge  of  the  body- 
chamber  (see  Fig.  2)  shows  that  the  fossil  was  not  very  widely 
umbilicated.  Although  crushed  and  considerably  distorted,  the 
form  of  the  septal  surface  shows  clearly  that  the  specimen  is 

^  Described  and  fieored  as  Cyrtoeerat  {?)  bdellaites  by  J.  Phillips,  Pal.  Foes. 
Oomwall,  Devon,  and  West  Somerset,  1841,  p.  117,  pi.  xlvii,  fiffa.  22341,  ^,  and 
referred  to  D'Archiac  &  De  Verneuil's  species  by  A.  H.  Fooid,  Cat.  Fose.  Ceph* 
Brit.  Mus.,  pi.  ii  (1891),  p.  58. 

>  Abhandl.  d.  k.  Preuss.  geolog.  Landesanst.,  Neue  Folge,  Heft  16  (1896). 

3  Six  chambers  are  indicated  in  the  figure. 
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referable  to  the  genus  AgoniatiUs^  No  signs  of  sculpture  are 
obserrable  on  the  side  of  the  body-chamber  that  is  figured,  but  on 
the  opposite  side  on  the  outer  portion  of  the  lateral  area  there  are 
fiunt  regularly-spaoed  striae,  whioh  are  coincident  in  direction  with 
the  septa  on  the  side,  but  are  strongly  projected  forwards  nearer  the 
periphery.  This  genus  is  highly  characteristic  of,  if  not  strictly 
confined  to,  the  Middle  Devonian. 

Phillips  *  figured  and  described  from  South  Devon  examples  of 
this  genus  under  the  names  Ooniatites  inconstans  (p.  123,  pi.  li, 
fig.  238)  and  Goniaiites  transitoriuB  (p.  140,  pi.  Ix,  fig.  2270), 
whilst  Whidborne^  described  and  figured  in  addition  to  these  two 
other  forms  Goniaiites  ohliquu$  (p.  56,  pi.  v,  figs.  1-3)  and 
G<miaiite$  fulguralis  (p.  59,  pi.  v,  figs.  4,  4a),  which  are  also 
referable  to  this  genus,^  but  the  present  specimen  does  not  appear  to 


Fio.  2. — Agoniatitea  sp.,  lateral  aspect  of  internal  cast  of  body -chamber  and  of  two 
prec^ling  chambers.  2a,  posterior  view  of  base  of  body-chamber  of  the  same 
specimen,  showing  form  of  septal  surface,  the  small  median  lobe  beine  crushed 
a  little  to  the  rifht  side  of  the  specimen.  Cant  Ilill,  St.  Minver,  X.  Cornwall. 
Drawn  of  two-thirds  of  the  natural  size. 

be  referable  to  any  of  these  forms.  It  seems  to  be  comparable 
rather  with  such  forms  as  Barrande's  Goniatiies  bohemicua^  and 
G.  tahuloideij^  being,  however,  more  inflated  than  the  latter  and 
possibly  not  so  coarsely  ornamented  as  the  former.  Both  of 
Barrande's  forms  come  from  his  Etage  G,  that  is,  from  the  Eifelian 
or  lower  portion  of  the  Middle  Devonian.     Whilst,  therefore,  the 

»  F.  B.  Meek:  U.S.  Geol.  Explor.  40th  Parallel,  vol.  iv  (1877),  pt.  1,  p.  99. 

*  J.  Phillips:  **  Figures  and  Descriptions  of  the  Pala)ozoic  Fossils  of  Cornwall, 
Devon,  and  West  Somerset"  (Mem.  Geol.  Surv.),  1841. 

*  **  Monograph  of  the  Devonian  Fauna  of  the  South  of  England"  (Pal.  Soc.), 
pt.  u  (1890). 

*  Holzapfel  (Abhandl.  d.  k.  Preuss.  geol.  Landesanst.,  Neue  Folge,  Heft  16, 
1895,  p.  55  et  8eq(^.)  unites  all  these  forms  into  one  species — with  several  varieties — 
for  which  he  retains  Phillips's  name  incatutanSf  a  species  which  he  states  to  be 
confined  to  the  Upper  Middle  Devonian. 

*  J.  Barrande :  Syst.  Sil.  de  la  Boheme,  vol.  ii,  pt.  I  (1867),  p.  29,  pi.  i, 
figs.  1-13;  pi.  ii,  figs.  1,  2;  pi.  iii,  figs.  15,  16;  pi.  ccxlii,  fig.  1;  pi.  ccxliv, 
tigs.  3,  4. 

«  Ibid.,  p.  41,  pi.  iv,  figs.  1-12. 
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present  speoimen  cannot  be  speoifioally  determined  its  affinities 
seem  to  indioate  that  it  came  from  rocks  of  Lower  Middle 
Devonian  age. 

Notwithstanding  the  fragmentary  character  of  the  spedmens^ 
described  above,  their  affinities  seem  to  show  that  they  are  all 
certainly  of  Devonian  and  most  probably  of  Eifelian  or  Lower 
Middle  Devonian  age. 

In  addition  to  the  specimens  described  above,  Mr.  Howard  Fox 
has  submitted  to  me  for  examination  some  very  imperfect  fossils 
from  other  localities  in  North  Cornwall. 

Of  the  two  specimens  which  are  marked  **  E.  of  Dinham  Creek,'* 
one  seems  to  be  referable  to  the  fifiirly  common  species  in  the  Wissen- 
bach  Slates  that  was  described  as  Orthoceras  longieameratum  by 
Foord^  (=  Orihoeeras  commutatum,  C.  O.  Oiebel  ')•  The  other,  nearly 
70  mm.  long,  is  a  rather  rapidly  tapering  Orihoeeras,  intermediate 
in  this  respect  between  Boemer's  Orthoceras  rapaforme^  and  his 
O.  subconicum*  but  having  shallower  chambers  than  either  of  these 
species.     Both  Boomer's  species  occur  in  the  Wissenbach  Slates. 

Among  some  specimens  labelled  *'  Trewoman "  are  probably 
Orthoceras  nassovienee,  Foord  (=  0.  commuiatum,  C.  G.  Oiebel), 
0,  gracHe,  Blumenbach,^  and  a  fragment  of  a  Baeiriiee.  These 
species  of  Orthoceras  are  rather  common  in  the  Wissenbach  Slates, 
from  which  two  or  three  species  of  Bcietrites  have  also  been 
recorded. 

There  are  two  rook  fragments  labelled  ''Gravel  Caverns."  Of 
these  one  contains  an  obliquely-septated  fragment  of  possibly 
a  Bactrites,  or  more  probably  an  Orthoceras,  a  little  more  than 
10mm.  long;  the  other  a  small  water-worn  Groniatite  2*5 mm.  in 
diameter,  with  very  indistinct  sutnre-lines,  belonging  to  the  genus 
Tornoceras. 

EXPLANATION  OF  PLATE  V,   Figs.   6-8. 

Fig.  6. — Ortlioceras  cf.  hercymeumj  E.  Kayser.  a,  entire  Rpecimen  reduced  t4»- 
two-thirdfl  of  the  natural  Bize ;  bj  anterior  aspect  of  last  septal  surface,  showing^ 
the  position  of  the  siphuncle,  drawn  of  the  natural  size.  £.  of  Cant  Core. 
7. — Fhragmocfrat  (?)  sp.  Nat.  size.  Cant  Hill,  St.  MiuTer,  Cornwall. 
3. — Copht'noeeras  sp.  a,  lateral  aspect  of  entire  specimen,  reduced  to  two- 
thirds  of  the  natural  size  ;  by  a  portion  of  the  marungs  on  the  hody-chamher 
enlarged.    Cant  HiU,  St.  Minyer,  Cornwall. 

(For  Figs.  1-5  of  this  Plate,  see  Dr.  H.  Woodward's  **  Notes  on  Thlobites  from 

Cornwall,"  pp  161-164.) 

1  Sec  anteoy  p.  156,  footnote. 

«  C.  G.  Giebel :  Fauna  der  Vorwelt,  Bd.  iii  (1852),  p.  233. 
'^  F.  A.  Roomer :  Pala>ontographica,  Bd.  iii.  Lief.  1  (1860),  p.  16,  pi.  iii,  fig.  18. 
,  *  F.  A.  Roemer :  ibid.,  p.  17,  pi.  iii,  fig.  20. 
*  Blumenbach  :  Specimen  ArchaBologije  Telluris,  1803,  p.  21,  pi.  ii,  fig.  6. 
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FROM  OOBirWALL. 
By  F.  A.  Bather,  M.A.,  D.So.,  BritiBh  Moseam  (Natural  History). 

(PLATE  VI.) 
DSBOBIFTION  07  THB  HOLOTTPI. 

THE  speoimen  (Fig.  6),  kindly  entrusted  to  me  for  description  by 
Hr.  Howard  Fox,  consists  of  the  oral  skeleton  surroonded  by 
portions  of  the  diso  and  of  portions  of  the  five  rays,  all  seen  from 
what  is  believed  to  be  the  ventral  or  actinal  sarfaoe,  and  lying  on 
A  fragment  of  the  dark  slate  of  the  looality,  Epphaven.  The 
>bletal  parts  being  preserved  in  pyrites,  it  has  proved  possible 
to  develop  the  specimen  slightly  by  washing  wiw  weak  hydro- 
flnorio  acid  and  then  brushing  with  a  soft  brush.  The  specimen 
IB,  however,  so  minute  and  delicate  that  this  process  could  not  be 
Ottried  very  far. 

The  rays  vary  in  length  and,  to  some  extent,  in  the  details  shown 
17  each.  It  is  therefore  convenient  to  number  them  in  a  solar 
direction  from  i  to  v,  i  being  the  longest  and  v  the  next  in  length. 
Iliese  numbers  are  not  to  be  taken  as  implying  any  certain 
orientation. 

Bay  i,  from  its  junction  with  the  mouth-parts  to  the  distal  portion 
preserved,  is  divisible  into  nine  serially  homologous  segments,  of 
which  the  ninth  or  distal-most  is  incomplete  laterally.  There  is  no 
evidence  as  to  the  complete  number  of  segments  that  originally 
composed  the  ray.  Those  preserved  change  slightly  in  character 
as  they  approach  and  enter  the  disc,  which  included  one  of  them 
certainly  and  a  second  possibly ;  but  all  show  the  same  elements, 
except  for  the  lateral  spines,  which  are  not  borne  by  the  segments 
within  the  disa  The  lateral  spines  are  borne  by  the  free  segments 
3-8  in  groups  of  three,  each  group  being  at  the  distal  outer  angle  of 
each  segment.  The  spines  of  each  group  diverge  fanwise,  but  the 
general  outward  direction  of  the  middle  spine  of  each  triad  is 
slightly  distal-wards.  It  is  the  clear  position  of  these  groups  of 
spines  which,  more  than  any  other  feature,  enables  one  to  divide 
this  ray  into  its  nine  definite  segments.  Each  segment,  however, 
seems  capable  of  subdivision  into  a  proximal  and  a  distal  portion 
(&  and  a  in  Figs.  1  and  2).  There  is  a  median  body  from  which 
proceed  two  lateral  processes  or  wings  on  each  side.  The  distal 
wing  has  an  approximately  straight  distal  margin,  lying  about  at 
right  angles  to  the  axis  of  the  ray,  while  its  proximal  margin  is 
deeply  excavate.  This  excavation  is  clearer  in  the  more  distal 
segments  (Fig.  1,  p),  and  its  boundary  there  attains  a  full  semi- 
circle. The  proximal  wing  of  each  segment  forms  the  proximal 
boundary  of  this  excavation,  and,  in  the  more  distal  segments,  its 
distal  margin  is  slightly  excavate.  In  the  proximal  segments 
(Fig.  2)  this  wing  appears  more  like  a  flattened  rod,  slightly 
depressed  on  its  proximal  margin,  while  the  distal  wing  is  also 
like  a  flattened  rod  somewhat  scooped  out  on  its  ventral  surface* 

i>BCADB   T. — VOL,  U. — NO.  IV.  \\ 
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The  relations  of  the  wingp  are  perhaps  most  clearly  shown  in  the 
eighth  segment ;  here  the  outer  oomers  of  the  distal  wings  seem  to 
overlie  processes  from  the  median  hody  {e  in  Fig.  1).  The 
transverse  separation  of  the  median  body  of  one  segment  from  that 
of  the  next  is  not  very  clear.  In  the  distal  part  of  the  ray  there 
are  indications  of  a  separation  not  only  between  the  segments,  bat 
between  the  two  halves  of  each  segment.  The  median  bodies  are 
slightly  grooved  on  the  ventral  surface,  so  that  a  continuous  open 
groove  runs  the  whole  length  of  the  preserved  portion  of  the  ray, 
and  passes  into  the  radial  angles  of  the  oral  skeleton. 

Bay  V  is  in  a  different  state  of  preservation,  having  apparently 
been  somewhat  twisted  over  on  to  the  side  that  lies  on  the  right 
in  the  figure,  so  that  the  ventral  groove,  which  in  its  proximal 
region  is  median,  is  seen  on  the  right  in  the  distal  region.  In 
the  preserved  portion  of  the  ray  the  existence  of  four  distinct 
segments  is  pretty  clearly  indicated  by  transverse  ridges  and 
indentations,  also  by  two  spines,  one  at  the  distal  end  of  the  third 
segment,  the  other  at  the  end  of  the  fourth,  both  on  the  left-hand 
in  the  figure.  Apparently  there  are  here  preserved  only  the  median 
bodies,  a  fact  which  might  suggest  that  they  were  distinct  elements 
from  the  side-wings.  There  are,  however,  traces  of  the  wings  on 
the  left  of  the  second  and  third  segments.  In  none  of  these 
segments  is  there  a  clear  indication  of  a  subsidiary  transverse 
division. 

The  other  rays  are  too  incomplete  to  throw  any  light  on  the 
structure  of  the  segments,  but  in  their  proximal  segments  the  side* 
wings  are  to  be  distinguished,  especially  in  ray  iv. 

The  oral  skeleton  (Fig.  3)  is  divisible  into  five  radial  portions, 
each  of  which  is  bilaterally  symmetrical  about  the  radius,  and  at 
first  sight  appears  to  consist  of  two  curved  bars  or  syngnaths 
enclosing  a  lanceolate  space,  of  which  the  apex  is  distal,  while  the 
proximal  ends  of  the  bars  approach  closely  those  of  the  adjacent 
bars  on  each  side.  More  minute  examination  shows  that  each  of 
the  supposed  curved  bars  consists  of  three  elements,  to  which  may 
be  applied  the  terminology  adopted  by  Dr.  J.  W.  Gregory,  the  distal 
element  being  a  '  mouth-frame,*  the  proximal  one  a  *  tooth,'  and  the 
intermediate  one  a  'jaw.'  Of  these  three  elements  the  jaws  are 
the  longest,  and  broaden  at  their  distal  ends  ;  the  distinction  between 
them  and  the  mouth-frames  is  marked  either  by  a  sharp  bend  or  an 
actual  gap.  The  mouth-frame  is  about  two-thirds  the  length  of  the 
jaw ;  each  pair  is  joined  distally  to  the  median  body  of  the  proximal 
ray-segment.  The  teeth  also  are  distinguished  from  the  jaw  by 
a  sharp  bend  at  the  point  of  union,  while  they  lie  a  little  above  the 
jaw  as  one  views  the  specimen  from  the  ventral  surface.  There 
is  no  sign  of  a  *  jaw-plate  *  or  '  torus  angularis ' ;  there  may  have 
been  a  small  one,  or  the  structures  here  called  '  teeth '  may  represent 
primitive  unfuscd  elements  of  the  torus,  such  as  have  been  observed 
in  the  development  of  recent  Ophiurids.  Fewkes  states  that  in 
Amphiura  the  teeth  grow  out  from  the  torus  and  have  no  independent 
centres  of  calcification. 
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The  disc  is  beat  preserved  in  the  interradias  v-i.  It  certainly 
•extended  up  the  rays  to  the  distal  end  of  the  first  segment  {d  in 
Fig.  2),  and  perhaps  a  little  further,  but  whether  its  outline  was 
straight  or  ooncave  interradially  oannot  be  decided.  It  was  clothed 
with  minute  spines  radiating  from  the  centre. 

The  following  are  some  measurements  of  the  specimen  in 
millimetres : — 

Greatest  length  of  the  portion  preserred  11^6 

Diameter  of  disc eired  6*5 

From  centre  to  distal  end  of  mouth -skeleton eired  2*0 

Width  of  ray        ...        ...        ...        ...        ...        ...        ...        1*5 

Length  of  lateral  spines,  at  least  1*8 

Ayerage  length  of  a  segment     *76 

Intbbpbetation  of  the  Holotypb. 

Owing  to  the  difficulties  of  interpretation,  the  foregoing  description 
«f  the  rays  has  been  drawn  up  in  as  objective  a  fashion  as  possible. 
Some  interpretation,  however,  is  a  necessary  preliminary  to  any 
discussion  of  the  relationships  of  the  fossil. 

The  median  body  of  each  segment  is  undoubtedly  the  equivalent 
of  the  normal  Ophiurid  vertebra.  On  the  accepted  theory  that  this 
vertebra  was  evolved  by  the  fusion  of  a  pair  of  ossicles  originally, 
alternating,  then  opposite,  and  finally  joined  along  the  middle  or 
radial  line,  the  present  specimen  may  be  described  as  in  a  stage  of 
development  later  than  the  fusion,  but  possibly  retaining  in  the 
median  groove  a  trace  of  the  primitive  distinctness  of  the  ossicles. 
Those  ossicles  are  usually  described  as  ambulacral,  and  that  term 
may  be  accepted  so  far  as  it  denotes  homology  with  the  ossicles  so 
named  in  an  Asterid.     (See  Note  at  end.) 

It  was  the  existence  of  the  median  groove  that  first  suggested  the 
determination  of  the  exposed  surface  of  the  fossil  as  ventral.  But 
since  such  a  groove  may  occur  also  on  the  dorsal  surface  of  a  vertebra, 
that  evidence  is  inconclusive.  The  determination  is  confirmed,  how- 
ever, by  the  conspicuousness  of  the  subcircular  excavations,  or  podial 
pores,  in  the  side-processes,  and  by  the  apparent  continuation  of 
this  groove  over  the  radial  angles  of  the  mouth -frames. 

As  a  rule  among  Ophiurids  in  this  stage  of  evolution,  each 
vertebra  has  on  each  side  a  single  side-process  on  which  abuts  an 
outer  ossicle,  the  so-called  adambulacral,  and  these  adambulacrals, 
which  bear  the  lateral  spines,  alternate  with  the  ambulacral  ossicles 
or  vertebne.  It  is  a  little  difficult  to  interpret  the  appearances  of 
the  present  specimen  in  harmony  with  such  an  arrangement.  On 
the  assumption  that  each  segment  should  contain  one  ambulacral 
pair  (here  fused)  and  one  adambulacral  pair  bearing  spines,  ray  i 
has  been  assigned  nine  segments.  But  each  such  segment  is  seen  to 
have  two  processes  on  each  side,  and  the  distal  one  of  these  bears 
the  spines.  For  this  reason,  and  because  of  the  appearances  in 
segment  8,  it  may  be  supposed  that  the  outer  spiniferous  portion 
of  the  distal  process  (c  in  Fig.  1)  is  an  adambulacral  element. 
What,  then,  is  the  proximal  side-process?  To  this  question  two 
{>ossible  answers  present  themselves. 
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The  appearanoe  of  a  transverse  division  in  the  vertebra,  between 
Ihe  proximal  and  distal  prooesses,  saggeets  that  each  segment  really 
oonsists  of  two  ambulacral  pairs,  of  whioh  only  the  distal  one  ia 
assooiated  with  adambulaorals,  the  proximal  pair  of  adambolaorala 
being  suppressed.  Eaoh  of  these  supposed  ambnlaond  pairs 
possesses  a  single  pair  of  lateral  processes,  but  those  of  the  distal 
pair  are  partly  overlaid  by  the  adambulaoral  elements.  In  the 
distal  region  of  the  rciy  the  proximal  and  distal  halves  of  the 
vertebra  are  distinguishable ;  but  nearer  the  disc  and  within  it  they 
have  come  closer  together,  the  transverse  division  has  disappeared, 
and  the  side-processes  are  reduced  to  structures  which  appear  as 
bars,  but  are  probably  flattened  laminae.  Thus  the  vertebra  seen 
in  ray  v  are,  on  ibis  explanation,  of  compound  origin. 

The  preceding  interpretation  may  be  compared  with  Dr.  Gregory's 
interpretation  of  the  structure  in  the  Lower  Devonian  Ophiurid, 
Bwndenhachia  ^  (see  our  Fig.  5).  Here  "  the  body  of  the  [ambnlaonl} 
ossicle  is  apparently  divided  into  two  pieces  by  a  transverse 
depression.  The  adambulaoral  plates  are  small  and  narrow,  and 
support  a  triangular  spine-bearing  plate."  If,  however,  as  seems 
legitimate,  this  last  plate  be  regarded  as  itself  an  adambulaoral 
element,  then  each  segment  will  consist  of  two  ambulacral  pairs, 
and  two  adambulaoral  pairs  of  which  one  only  is  spinifexous. 
The  fact  that  in  Bundenhaehia  the  ambulacrals  still  alternate  does 
not  affect  the  composition  of  the  segment.  Bundenhachia  is  not  to 
be  regarded  as  a  direct  ancestor  of  the  contemporary  Epphaven 
fossil,  but  it  suggests  the  possibility  that,  during  the  race-history  of 
the  Ophiurids,  there  may  have  arisen  forms  with  a  tendency  to 
suppression  of  alternate  adambulacrals  and  to  fusion  of  adjoining 
ambulacrals. 

In  Bundenhachia  there  appear  to  be  preserved  both  adambulaoral 
and  ambulacral  elements  of  the  subsequently  suppressed  or  coalesced 
segment.  The  Silurian  Protaater  Sedgwicki  appeara  to  retain  the 
ambulacral  elements  less  reduced  than  in  Bundenhachia,  while  it 
has  lost  the  adambulaoral  elements.  In  the  proximal  arm-segments, 
however,  as  figured  by  Dr.  Gregory  (op.  oit,  fig.  le),  the  existing 
adambulacrals  are  forked,  a  peculiarity  suggestive  of  their  compound 
origin. 

Now  comparison  of  the  vertebraa  of  recent  Ophiurids  with  the 
arm-segments,  especially  the  proximal  ones,  of  our  fossil  leaves 
no  room  for  doubt  that  the  depression  marked  p  is  for  the  reception 
of  a  podium,  while  that  marked  q  is  for  the  insertion  of  the  ventral 
inter- vertebral  muscles.  A  single  arm-segment  of  a  recent  Ophiurid. 
such  as  Ophiarachna  or  Amphiuraf  is  therefore  homologous  with  any 
one  of  the  whole  segments  here  numbered  1-8.  If  one  of  these  is 
really  composed  of  a  distal  and  a  proximal  half  (lettered  a  and  h 
respectively  in  Figs.  1  and  2)  the  same  statement  would  apply  to 
the  recent  Ophiurid,  and  some  trace  of  this  origin  might  be  seen  in 
the   development.     The  observations  of  Professor  Ludwig^  and 

»  Proc.  Zool.  Soc.  London,  1896,  p.  1033;  1897. 
-  Zeitschr.  wise.  Zool.,  vol.  xixvi,  p.  181 ;  1881. 
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Hr.  J.  W.  Fewkes^  on  Amphiwa  squamata  have  shown  that  the 
^o  lateral  halves  of  each  vertehra  unite  first  at  the  proximal  and 
-distal  ends,  leaving  a  space  between.  This  is  suggestive  of  an 
H)rigin  from  proximal  and  distal  elements.  On  the  other  hand,  each 
lateral  half  springs  from  a  single  centre  of  calcification,  from  which 
it  stretches  out  in  a  distal  direction,  so  that  the  incipient  ambulaoral 
element  is  thicker  at  its  proximal  end.  This  last-mentioned  feature 
is  paralleled  by  the  boot-shaped  proximal  portions  of  the  ambulaoral 
essidee  in  the  ProtasteridsB.  At  a  slightly  later  stage  the 
ambulaoral  of  Amphiura  broadens  at  the  distal  end,  which  thus 
eomee  to  resemble  the  distal  portion  of  the  Protasterid  ambulaoral. 
If  this  distal  portion  in  Amphiura  were,  as  indicated  by  Professor 
Ludwig's  observations,  merely  an  extension  of  the  proximal  portion, 
then  it  might  be  inferred  that  the  whole  structure,  both  here  and 
in  the  various  Palaeozoic  forms  alluded  to,  represented  a  single 
ambulaoral  pair  and  not  two  successive  pairs.  In  such  case  one 
would  accept  Dr.  Gregory's  suggested  explanation  (op.  oit.,  p.  1082) 
**  that  the  smaller  pieces  are  only  triangular,  distal  portions  of  the 
ambulaoral  ossicles,  apparently  separated  from  the  proximal  portion  [s] 
by  a  groove."  Dr.  Gregory  further  suggests  that  these  gprooves 
or  depressions  **  were  for  the  lodgment  of  the  ventral  muscles  which 
moved  the  arms."  A  far  more  probable  explanation  surely  is  that 
they  were  for  the  reception  of  the  branches  from  the  radial  water- 
vessel  to  the  podia.  This  explanation,  however,  consonant  as  it 
is  with  the  facts  of  development  in  Amphiuray  reminds  one  of 
another  difiSculty.  Professor  Lndwig  (op.  cit.,  p.  185)  has  pointed 
•out  that,  whereas  the  so-called  ambulacrals  of  Asterids  lie  at  right 
angles  to  the  perradius  and  between  the  successive  branches  and 
podia,  those  of  Ophiurids  lie  parallel  to  the  perradius  and  across 
the  branches  to  the  podia.  Now  if,  as  we  have  every  reason  to 
believe,  the  Ophiurids  were  derived  from  Asterids,  it  is  hard  to  see 
why  this  change  should  have  taken  place.  That  is  the  difficulty, 
but  it  is  a  difficulty  that  disappears  if  we  suppose  that  the  vertebra 
is  really  compounded  of  two  successive  ambulaoral  pairs  in  the 
manner  outlined  above.  The  remaining  objection  to  this  latter 
hypothesis  is  that,  as  Dr.  Gregory  has  pointed  out,  it  postulates  the 
euppression  of  alternate  podia.  Nevertheless,  similar  fusion  and 
concomitant  suppression  are  not  so  unknown  among  Eohinoderms 
as  to  render  this  objection  a  fatal  one. 

The  suggestion  that  the  vertebrae  of  Ophiurids  are 
eomposed  of  two  successive  ambulaoral  pairs  certainly 
eannot  be  proved  with  the  evidence  at  our  disposal.  But  it  is 
doubtful  whether  it  can  be  disproved,  and  I  therefore  make  it  to 
promote  a  search  for  further  evidence  pro  or  cow. 

Two  other  features  in  the  present  specimen  need  discussion,  and 
may  perhaps  throw  light  on  the  problem  just  posed.  The  first  of 
these  is  the  fact  that  the  broadest  and  stoutest  portion  of  each 
arm-segment  appears  to  be  the  distal  half  (marked  a  in  Fig.  1), 
wherecw  in  the  developing  Amphiura  and  in  the  adult  Protasteridas 

1  Bull.  Mufl.  Comp.  ZooL  Harvard,  vol.  xiii,  ^o.  4 ;  l^^T . 
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the  roYene  is  the  case.  This  chsrsrtw  is  also  found  in  Arouler 
paUBozaicMM  as  figured  by  Ur.  StortZf  in  PtUomoMier  prineep*  of 
J.  Hal],  and  in  Lapworikmra  Jft/loai  as  interpreted  by  Dr.  Gkegoiy 
(see  oar  Fig.  4).  In  the  Epphaven  fossil  the  feature  is  to  some 
extent  aooounted  for  by  the  supposed  fusion  of  a  spiniferous  adambu- 
lacral  element  with  the  disUd  wing  of*  the  ambnlacral;  but  in 
Lapwortkura  and  I\urea$ter  this  wing^  while  unoonneoted  with  the 
adambulacral,  is  still  more  preponderant  In  some  other  early 
Palsozoic  genera,  e.g.  Euga$ier,  J.  Hall,  and  Eopkiwra^  Jaekel,  the 
wing  is  neither  distal  nor  proximal,  but  arises  half-way  up  the 
ambulacra],  so  that  one  cannot  say  to  which  of  two  suooessive 
segments  the  podium  belongs:  in  fact,  the  structure  is  in  this 
respect  absolutely  that  of  an  Asterid.*  These  differences  call  for 
some  explanation.  Starting  from  the  indifferent  OrdoTician  type 
of  £ophiuray  we  may  suppose  that  in  one  series  of  genera  (e.g. 
Protasteridsd)  the  wing  moved  towards  the  mouth,  while  in  another 
series  (e.g.  Lapworthuridsd)  it  moved  away  from  the  mouth.  In 
both  series  the  podium  ultimately  became  enclosed  within  the 
substance  of  (apparently)  a  single  ossicle ;  but,  if  this  took  place 
by  a  subsequent  lateral  outgrowth  of  stereom,  then  in  the  former 
case  the  vertebra  must  have  enclosed  a  podium  distal  to  itself,  and 
in  the  latter  case  a  podium  proximal  to  itself.  Thus  the  relations 
of  the  vertebrsa  to  the  podia  would  be  fundamentally  differont  iu 
the  two  lines  of  descent.  On  the  other  hand,  alternate  podia  may, 
as  suggested  on  a  previous  page,  have  been  enclosed  by  the  union 
of  successive  pairs  of  vertebrae,  and  this  type  of  structuro  may  be 
the  one  seen  in  process  of  development  in  the  arm-segments  of  our 
fossil,  and  the  one  that  persisted  to  the  present  day. 

llie  second  feature  worthy  of  attention  is  the  considerable  space 
that  seems  to  intervene  between  the  distal  wing  of  one  segment  and 
the  proximal  wing  of  the  next.  This  is  oonspicuous  in  the  distal 
region  of  ray  i,  where,  further,  the  depression  (q  in  Fig.  1)  markedly 
resembles  the  podial  depression  (p  in  Fig.  1),  and  differs  from  it 
mainly  in  being  rather  nearer  the  axis  of  the  arm.  The  theory  that 
the  Ophiurids  are  descended  from  Asterids  does  not  explain  the 
evolution  of  such  an  interspace,  and  the  general  tendency  to 
shortening  and  approximation  of  the  vertebrae,  shown  in  the  history 
of  the  Ophiurids,  leads  one  to  enquiro  why  there  should  ever  have 
been  introduced  a  stage  in  which,  as  in  the  Devonian  OpAturtna, 
tlie  recent  deep-sea  Ophiohelus,  and  the  young  Amphiuraf  the 
vertebrae  have  so  far  departed  from  the  primitive  type  as  to  become 
axially  elongate.  This  singe  has  been  regarded  as  primitive  by 
Lyman,  Ludwig,  and  other  zoologists,  but  in  theory  and  fact  it  is 
'  primitive '  only  so  far  as  the  later  forms  are  concerned,  while  with 
reference  to  the  complete  series  it  is  *  intercalated.' 

Keciirring  to  the  hypothesis  that  the  vertebrae  are  compounded  of 
successive  pairs  of  ambulacrals,  we  find  in  it  an  explanation  not 

*  StH"  Dr.  0.  Jackel's  intercstinj*  account  of  genera  from  the  Lower  PalnDOZoic 
r(K:k8  of  Hohcinia,  intermediate  bet^^-een  Asterids  and  Ophiurids :  Zeitschr.  Deutsch. 
>fi;oI.  Gcrs.,  Iv,  Protok.  pp.  106-113 ;    1904.     Keferences  to  the  older  literature  ynil 
/jo  iound  in  Dr.  Gregory^»  oft-quoted  paper. 
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merely  of  this  carious  elongation  of  the  arm-segments  in  general, 
bat  of  the  interspaces  between  them  in  this  genus  (lettered  q). 
An  objection  to  the  hypothesis  was  the  necessity  for  assuming  the 
suppression  of  alternate  podia.  Here,  it  may  be,  is  evidence  of 
a  stage  in  which  those  podia  were  not  yet  suppressed,  though  perhaps 
somewhat  atrophied.  If  both  depressions  (p  and  q)  were  for  the 
reception  of  podia,  then  their  alternate  approximation  to  and  removal 
from  the  perradius  may  be  compared  with  the  similar  phenomenon 
in  Asterids. 

Whether  the  features  just  discussed  be  or  be  not  accepted  as  evidence 
in  favour  of  the  compound  origin  of  the  Ophiurid  vertebra,  they 
demand  some  explanation;  and  it  may  be  added  that  the  same 
hypothesis  will  perhaps  furnish  an  equally  needed  explanation  for 
the  hitherto  unexplained  differences  that  obtain  between  Palasozoic 
genera  of  Ophiurids  in  the  relations  of  the  adambulacrals  to  the 
ambulacrals. 

The  origin  of  the  Ophiurid  mouth-skeleton  also  may  be  illuminated 
by  the  preceding  hypothesis,  which  is  in  full  harmony  with,  the 
opinion  that  many  more  arm-segments  enter  into  the  composition 
of  that  structure  than  is  the  case  in  Asterids,  an  opinion  based  on 
embryological  research  by  Dr.  0.  zur  Strassen/  and  on  palseontological 
investigation  by  Dr.  0.  Jaekel  in  the  paper  quoted  above.  In  this 
region  of  the  ray,  at  any  rate,  adambulacrals  and  podia  must  have 
been  suppressed  in  all  Ophiurids.  We  may  here  note  the  apparent 
absence  from  our  specimen  of  the  adambulacral  elements  known 
as  side  mouth-shields,  as  well  as  of  tlie  peristomial  plates.  The  latter 
are  wanting  in  most  early  Ophiurids,  a  fact  confirmatory  of  Dr.  zur 
Strassen's  conclusion  that  they  are  not  ambulaoral  elements,  but 
'*  secondary  calcifications  confined  to  the  interradial  region." 

Ststsmatio  Position. 

In  considering  the  systematic  position  of  this  fossil  we  have  two 
systems  to  choose  from  :  one,  that  proposed  by  Dr.  Gregory  in 
the  paper  above  quoted,  and  adopted  by  him  in  ''  A  Treatise  on 
Zoology  "  (ed.  Lankester,  London,  1900)  ;  the  other,  the  latest 
classification  by  Mr.  £.  Stlirtz  (Verb.  nat.  Ver.  preuss.  Rheinlande, 
Ivi,  p.  198,  1900).  The  two  classifications  have  much  in  common, 
and,  without  discussing  their  respective  merits,  it  will  be  convenient 
to  start  with  Dr.  Gregory's  as  more  accessible  to  English  readers. 

The  union  of  the  ambulacrals  into  vertebrsB  removes  the  fossil 
from  the  Order  Lysophiurse  and  from  the  Streptopbiuran  Family 
Ophiurinidae,  while  the  absence  of  a  covering  integument  or  scutes 
prevents  it  being  placed  in  any  of  the  other  Orders  or  in  any  Family 
of  Streptophiurse  other  than  Lapworthuridae  or  Eoluidida3.  Of  these 
two  Families  the  former  has  no  ventral  arm-plates,  and  the  latter, 
while  having  ventral  ones,  has  no  dorsal  arm-plates,  except  in 
Aganaster.  If  the  exposed  surface  of  this  fossil  be  rightly  regarded 
as  ventral,  the  specimen  must  belong  to  the  former  Family.  The 
genera  herein  contained  are  LapiDorihura,  Greg.,  Furcasier^  Stlirtz, 

^  Zool.  Anzeiger,  xxiv,  p.  609 ;  Nov.  1901. 
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and  Pdoiirapeeim,  Stiiils  (sjo.  I^1motpomljfh$,  Stiiris).  The  hit 
of  these  difbn  from  the  Epphaven  fiwil  in  elmoet  ereiy  reepeoC, 
bat  the  two  others  pieeent  a  slight  genend  resemblanoe  in  arm- 
stmotaie.  In  each,  for  instanoe,  the  ^ertebrsl  body  has  distsl 
wings,  and  in  Lapwerthmra  these  wings  snrronnd  Isige  snboiroalar 
pores;  bat  in  both  the  adambnlaorals  hsTe  a  di£Eerent  poBiti(m« 
while  there  is  no  proximal  wing,  although  the  disgnun  of  Lapmarikwra 
given  by  Dr.  Oiegoiy  and  here  repeated  (PL  YI,  Rg.  4)  sbows 
a  miaate  incipient  process.  In  the  known  species  of  these  genera 
also  the  disc  extends  farther  down  the  rays,  whidi  are  relatively 
wider,  while  the  proportions  of  the  Tarroas  elements  of  the  mouth- 
skeleton  are  different 

The  Family  EoluididaB  includes  JSblstidia,  Sturts  (syn.  Eophiwritei, 
Stiirtz),  Eotpcndylmg,  Oieg.,  M%o9pomdiflM»,  Oieg.,  AganoBtar,  Miller  is 
Ourley  (syn.  Opkiopege,  6.  B5hm),  and  perhaps  Ck^9iert  Worthen  A 
Miller.  The  Isst  two  have  both  Tentral  and  dorsal  arm-scutes^ 
while  SB  for  the  others  they  differ  in  much  the  same  respects  as 
do  FmreoBter  and  Zapworf^ara,  only  to  a  g^reater  extent  and  with  no 
superficial  resemblance. 

It  seems  therefore  safest  to  place  this  fossil  in  the  Lapwortburidn, 
with  the  diagnosis  of  which  it  agrees  so  far  as  the  structure  is 
known.  If  the  BubdiTision  of  Gregory's  Family  into  Lapworthurida^ 
FiircasteridsB,  and  PaladospondylidaB  (i.e.  PalastropectinidsB),  as 
proposed  by  Stiirtz,  should  be  accepted,  our  fossil  would  still  be 
most  appropriately  placed  in  LapworthuridsB.  It  is,  however,  quite 
impossible  to  refer  it  to  Zapwarthura  itself,  and  a  new  genus  must 
be  established  for  its  reception.  From  a  geological  point  of  view 
it  would  have  been  more  interesting  could  one  have  referred  it  to 
some  known  species,  or  at  least  genus,  found  in  the  Devonian  of 
Germany.  But  repeated  comparison  with  the  rich  material  in  the 
British  Museum  has  proved  this  course  inadmissible,  whatever  errors 
there  may  be  in  the  details  of  the  present  interpretation. 

Symptebuba,^  nov.  gen. 

A  Lapworthurid  with  spinulose  disc  extending  to  second  arm- 
segment,  with  oral  skeleton  of  teeth,  long  jaws,  and  short  mouth- 
frames  (torus  not  seen),  with  free  arm-segments  containing  a  vertebral 
ossicle,  possibly  compound,  grooved  ventrally  and  provided  on  esoh 
side  with  two  wings,  to  the  distal  of  which  is  attached  an  adambulacral 
spiniferous  element. 

Genotype.     Sympterura  Minveri,  n.sp. 

This  being  the  only  known  species,  a  diagnosis  is  impossible,  but 
attention  may  be  directed  to  the  relative  narrowness  of  the  rays, 
the  extension  of  the  diso,  and  the  length  and  number  of  the  spines. 

Holotype,  a  unique  specimen  collected  by  Miss  Barbara  Legg 
in  the  blue  slate  of  Epphaven,  which  is  a  cove  between  Lundy  Beach 
and  Trevan  Point  in  Portquin  Bay,  in  the  parish  of  St.  Minver, 
near  Padstow,  North  Cornwall.  When  Mr.  Howard  Fox  was  so 
good  as  to  send  me  the  specimen  for  examination,  I  acknowledged 

^  ^^  and  wrtp6y,  *  paired  wings,*  and  ohpdf  *  tail,'  as  in  Ophiura,  Lapvoorthura,  etc 
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tto  receipt  in  a  rather  informal  letter,  extracts  from  which  have 
tmoe  been  published  by  him  (Trans.  B.  Geol.  Soc.  Cornwall,  xii, 
p.  752,  Sept  1904).  One  sentence  ran:  "So  far  as  I  can  judge 
without  more  prolonged  study  [the  fossil]  is  either  Ophiurina  or 
a  close  ally."  The  structure  had  not  then  been  developed  by  etching 
and  brushing.  It  is  now  quite  clear  that  the  specimen  has  nothing 
to  do  with  Ophiurina,  which  is  in  the  Lysophiuran  stage,  with  long 
rod-like  nufnsed  ambulacrals.  Mr.  Fox  has  since  kindly  presented 
the  specimen  to  the  British  Museum,  where  it  is  registered  E  5,086. 
Horizon. — ^The  rock  is  certainly  Devonian,  but  on  its  precise  age 
the  present  specimen,  being  of  a  new  generic  type,  can  throw 
little  light  The  stage  of  evolution  at  which  Sympterura  stands, 
namely,  primitive  Streptophiuran,  is  fully  consistent  with  a  Lower 
Devonian  age. 

NoTB.— In  this  paper  I  have  used  the  term  *  ambulacrals '  for  the 
elements  of  which  the  Ophiurid  vertebra  is  composed,  and  in  so 
doing  have  followed  the  general  custom.  But  many  writers,  from 
Jobaonea  Miiller  onwards,  have  contended  that  the  so-called 
ambulacrals  of  Asterids  and  Ophiurids  are  not  homologous  with 
those  plates  in  Eohinoidea  for  which  the  term  was  originally 
proposed.  This  contention  has  much  in  its  favour.  At  any  rate,  the 
so-called  ambulacrals  of  Asterids  are  homologous  with  the  flooring 
plates  of  the  subvective  groove  in  Edrioasteroidea,  and  not  with  the 
covering  plates,  which  latter  are  usually  called  ambulacrals,  as  in 
Pelmatozoa  generally. 

For  practical  purposes  also,  1  have  used  the  ordinal  names 
Strep  tophi  ur89  and  Lysophinrsd,  proposed  by  Mr.  F.  J.  Bell  and 
Dr.  J.  W.  Gregory  respectively.  But  it  seems  to  me  that  the 
divisions  adopted  by  my  friends  and  ooUeagnes  represent  stages 
of  development  rather  than  divergent  groupings,  and  wliile  admitting 
the  great  interest  and  value  of  the  conceptions,  I  cannot  follow 
Dr.  Gregory  in  ranking  them  as  Orders. 

EXPLANATION  OF  PLATE  VI. 

Fio.  I. — SympUrura,  semi-diacrammatic  recoostructioii  of  tho  8th  arm-sei^ment 
and  part  of  the  7th.  a,  distal  portion  of  the  vertebra ;  b,  ])roximal  portion ; 
e,  aoambulacral ;  /?,  podial  depression  or  pore ;  q,  interspace,  occupied,  at 
least  in  part,  by  intervertebral  muscles,      x  18  diam. 

2. — Sympteruray  semi-dia^j^rammatic  reconstruction  of  the  2nd  arm-segment 
and  parte!  the  1st.     a,  b^  c,p^  q^  as  in  Fig.  1  ;  d,  border  of  disc,     x  18  diam. 
3. — Hympterura,  semi-diagrammatic  reconstruction  of  part  of  the  mouth- 
akeleton.     x  10  diam. 

4. — Lapworthura,  diagram  of  tho  arm-structure,  after  Gregory,  Proc.  Zool. 
Soc.  London,  1896,  p.  1037.     a,  <;,  jt>,  as  in  Figs.  1  and  2. 
6. — Bufulenbachiay  magram  of  the  urm-structure,  after  Gregory,  op.  cit., 
p.  1034.    a,  c,  by  asm  Figs.  1  and  2.     Dr.  Gregory  is  not  responsible  for  tho 
lettering  in  Figs.  4  and  5. 
„    6. — Sympterura  Minverif  the  unique  specimen.     The  numbering  of  the  rays  is 
for  convenience  only.     In  drawing  this  figure  I  was  helped  by  preliminary 
sketches  made  by  Mr.  W.  Lewis  before  the  specimen  was  fully  cleaned. 
X  7  diam. 
All  figures  represent  views  of  the  ventral  surface.    The  drawings  are  reproduced 
hy  the  London  Stereoscopic  Company,  Limited. 
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Pbdose  Mub,  Trassvaal. 

By  F.  H.  Hatch,  PI1.D.,  F.G.S.,  nd  G.  S.  CouioxPHian,  Fh.D.,  F.6.S. 

(PLATES  Vn  AXD  VIII.) 

GREAT  interest  has  been  excited,  not  only  in  the  TFsnsvaal,  bu^ 
'  throoghoot  the  world,  by  the  discovery  at  the  Premier  Mine, 
on  Wednesday,  the  2oth  Janoary,  1905,  of  the  largest  diamond 
hitherto  known.  The  stone  was  found  by  Mr.  Wells,  Snrfaoe 
Manager,  in  the  yellow  ground  about  18  feet  from  the  surface, 
a  brilliaDt  flash  of  light  from  a  projecting  comer  having  caught  his 
attention.  After  a  preliminary  cleaning  it  weighs  3,024f  carats.- 
According  to  Gardner  Williams  the  South  African  carat  is  equivalent 
to  3*174:  grains;  consequently  the  diamond  weighs  9600*5  grains 
troy  or  1*37  lbs.  avoirdupois.  Through  the  courtesy  of  the  Directors 
of  the  Company,  we  have  been  enabled  to  make  an  examination  of 
the  stone,  with  the  following  result : — Roughly  speaking,  it  measures 
4  by  2i  by  2  inches ;  but  its  size  and  shape  will  be  best  realized  by 


Diagrammatic  Projection  (to  half  scale). 

reference  to  the  photographs  reproduced  on  Plates  YII  and  VIII, 
which  represent  the  diamond  from  four  different  points  of  view 
and  its  actual  size.  These  beautiful  photographs  wero  taken  by 
Mr.  E.  H.  V.  Melvill  for  the  purposes  of  this  description.  The  stone 
is  bounded  by  eight  surfaces,  four  of  which  are  faces  of  the  original 
crystal,  and  will  be  referred  to  in  this  description  under  the  letters 
A,  B,  C,  D,  and  four  are  cleavage  surfaces,  the  cleavage  being  of 
course  parallel  to  the  face  of  the  octahedron.  In  the  following 
description  these  cleavage  surfaces  are  referred  to  under  the  letters 
E,  F,  G,  H.  They  are  distinguished  from  the  original  octahedral 
faces  by  greater  regularity  and  smoothness.  The  shape  and  relative 
position  of  these  various  surfaces  can  be  seen  in  the  diagrammatio 
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Srojeotion  depicted  in  the  Text-figare,  which  has  been  drawn  in  the 
[ioeralogical  Laboratory  of  the  Oxford  University  Museum,  by  the 
l^iod  permission  of  Prof.  Miers,  F.R.S.    The  drawing  is  to  half  scale 

Deaeription  of  the  Surfaces, 

A  is  an  original  octahedral  face  showing  typical  striations,  the 
bands  yarying  from  O'l  to  0*4  centimetre,  and  running  parallel  to 
the  edge  A-E. 

B  is  a  large  surface  slightly  curved  showing  partial  striations, 
which,  however,  are  interrupted  by  the  slightly  mammillary  character 
of  the  surface. 

C  is  also  a  natural  surface  showing  a  few  striations  parallel  to- 
the  edge  G-E. 

D.  Between  B  and  F,  0,  O,  there  is  an  irregular  octahedral 
face  D,  showing  distinct  equilateral  triangular  indentations  which 
iBtemble  etched  figures,  except  in  regard  to  their  comparatively  large 
size,  the  largest  having  a  side  measuring  0*7  centimetre.  D  is- 
parallel  to  E. 

E,  F,  G,  H,  are  cleavage  planes. 

E  is  the  largest  of  these,  and  is  a  very  perfect  cleavage  plane. 
Parallel  to  it  within  the  crystal  there  is  a  small  air  layer  between 
two  internal  cleavages,  producing  a  '  rainbow '  or  Newton's  rings. 

F  is  the  second  largest  of  the  cleavage  planes  and  shows  a  small 
Bpot  within  the  crystal. 

G  is  an  irregularly  shaped  cleavage  plane. 

H  is  another  cleavage  face  showing  series  of  cleavages  in  the 
corner  bounded  by  E  and  G.  Two  spots  are  visible,  one  actually  on 
the  surface,  the  other  about  1  cm.  within  the  crystal. 

Of  the  faces  given,  A  and  G,  H  and  B,  and  E  and  D  are  parallel. 
In  the  case  of  B  and  H  the  parallelism  is  imperfect  owing  to  the 
curvature  of  B. 

The  purity  of  the  crystal  is  best  seen  on  looking  into  face  E,  and 
the  lustre  is  well  seen  on  the  irregular  natural  face  B,  the  broken 
cleavage  on  H  causing  a  good  deal  of  refraction  which  affects  B  ta 
some  extent  as  the  facets  of  a  cut  gem  would.  For  a  large  stone 
the  crystal  is  of  remarkable  purity,  and  the  colour  approximates  to 
that  of  a  blue- white. 

The  large  size  of  the  cleavage  planes  E  and  F  indicates  that 
a  very  considerable  portion  of  the  crystal  is  wanting.  From  the 
shape  of  B,  D,  and  G,  one  can  say  that  the  entire  crystal  was 
irregular  in  shape,  but  A  and  D  being  octahedral  faces,  the  pre- 
sumption is  that  the  complete  crystal  was  a  distorted  octahedron, 
probably  with  dodecahedral  faces  developed  on  the  edges.  The 
portions  missing  probably  amount  to  more  than  half  of  the  original 
crystal. 

The  Cullinan  diamond,  as  it  has  been  named,  after  the  Chairman 
of  the  Premier  Company,  is  more  than  three  times  the  weight  of 
the  largest  diamond  previously  known — the  famous  stone  found  in 
1893  at  Jagersfontein  in  the  Orange  River  Colony,  which  weighed 
972  carats. 


172  F.  IL  CMper  BHd—Om  iki  Pkmsopidm. 

EXPLAyATIOX  or  PLATES. 

Pun  Tn. 

FzG.  I  «hov3  the  orizxiud  fve  A  at  tin  top  of  th«  «toiie.  In  front  is  the 
clearaife  pUiie  E^  wiiich,  IkVYVfcr,  u  wi  cIokIt  viable  owin^  to  the  light 
rerlccted  from  the  wmewbu  izre^uljr  sorfKes  it  the  back  of  the  ajstal.  On 
the  extreme  risht  u  the  deaTwe  plane  H. 

Fzc.  2  «ho«H  the  eieara^e  pLiae  F,  vhkh,  on  aeeoont  of  its  favoimblo  positiott 
relative  to  the  camera,  appeaz^  u  a  bciHiantlT  illuminated  snrfaoe ;  the 
irretnilir  ori;^inai  UctA  C  ana  D  aldo  appear  in  thu  viev. 

PtATl  VIIL 

Fig.  3  ^how^  the  tri.ingn'ar  iodenutiood  on  the  irregnlar  face  D :  also  portions  ot 

A  and  B. 
Fig.  4  i^bom  the  crystal  rMtin;  on  the  cleaTage  plane  £  with  the  faces  B  and  D 

expij^icd  Xo  view.    The  s'aarp  bounding  edges  are  formed  as  follows :    at  the 

bottom  bj  £,  on  the  rizht  bv  A,  and  on  the  left  bv  G. 


YI. — The  CLASsincATioai  of  thx  Pbacopidx. 

Bt  F.  R.  Cowpzn  RuD,  M.A.,  F.G.S.,  of  the  Sedgwick  Moseom,  Cambridge. 

f  pHE  family  of  Trilobites  termed  Phaoopidaa  has  been  defined  by 
J.  Beecher  *  as  follows : — "  Glabella  tumid,  widest  in  front. 
Free  cheeks  continuous,  united  anteriorly.  Suture  extending  from 
in  front  of  the  genal  angles  inward  to  the  eyes,  and  thenoe  forward 
around  the  glabella.  Eyes  generally  large,  always  with  distinct 
facets,  schizochroal.  Thorax  of  eleven  segments  with  grooved 
pleura.  Pygidium  usually  large  and  of  many  segments ;  limb 
ribbed ;  margin  entire  or  dentate.*' 

Nomenclature  in  use. 

While  the  general  limits  and  characteristics  of  the  family  as  thus 
given  aru  nniverbally  recognised,  much  confusion  and  diversity 
of  opinion  Htill  exiKt  as  to  the  generic  groups  which  must  be 
therein  included.  There  is  no  precise  agreement  in  the  usage  of 
many  of  the  common  generic  names ;  and  many  subgenera  have 
been  from  time  to  time  established  without  general  acceptance. 
Some  paleontologists  (e.g.  Salter)  have  been  of  the  opinion  that  the 
family  only  contained  one  genus,  Phacops,  which  might  be  split  up 
into  several  subgenera.  Barrande,  however,  recognised  the  presence 
of  two  genera,  Phacops  (in  a  more  restricted  sense  than  Salter)  and 
Dalmania  or  Dalmauiies ;  and  Hall  &  Clarke  in  1888-  adopted  this 
view.  Beecher  in  1900  (op.  cit.)  mentioned  six  divisions  or  groups 
within  the  limits  of  the  family,  and  put  them  all  as  of  equal  generic 
value. 

Other  examples  of  differences  in  the  classification  of  the  family 
need  not  here  he  given  ;  but  in  order  to  show  the  multitude  of 
generic  or  subgeneric  groups  which  have  been  established,  but  of 
which  only  a  few  have  been  generally  adopted,  the  following  list 

'  iJiirluT.  Ani«r.  Journ.  Sci.,  vol.  iii  (1897),  p.  202 ;  and  m  Zitters  ** Textbook 
ot  Palii  ontolo^ry  "  (Ku^rli^h  truuslation,  1900),  p.  636. 
-  Jl/il]  tl'  Cliirkv :  l*uJx'ont.  New  York,  vol.  vii,  pp.  xxvii-xxadi. 


F.  B.  Cowper  Reed — On  the  Phaccpidce. 


17a 


may  be  given,  irreipeotive  of  queetions  of   synonymy    or    pre- 
ooeapation,  which  will  be  dealt  with  sabeequently  : — 


Aeatte,  Goldfuss,  1843. 
Atter€p^0^  Corda,  1847. 
ChasiMps,  McCk)y,  1849. 
CoroHura,  Hall  &  Clarke,  1888. 
Cwyeephahu,  Hall  &  Clarke,  1888. 
CryphatUf  Green,  1837. 
CtyphifM,  Oehlert,  1889. 
Dalmania,  Emmrich,  1844. 
Dabnanitetf  Barrande,  1852. 
Hausmarmia,  Hall  &  Clarke,  1888. 
Scnnahpt,  Remele,  1884. 
Malladaia,  Oehleri,  1896. 


MetaeanthuSf  Corda,  1847. 
MonorakoB,  Schmidt,  1886. 
Odontoeephalm,  Conrad,  1840. 
OdontoehiU,  Corda,  1847. 
Fhacopsy  Emmrich,  1839. 
Fieuraeanthua,  Milne- Edwards,  1840. 
Furtloekia,  McCoy,  1846. 
Frobolium,  Oehlert,  1889. 
Pterygotnetoput,  Schmidt,  1881. 
Somatrikehtiy  McMurtrie,  1819. 
Synphoria,  Clarke,  1894. 
TmneroeephalM,  McCoy,  1849. 


Of  the  above  names,  Fleuracanthus  and  Cryphaua  are  both  pre- 

oocupied,  the  former  both  by  a  genus  of  Coleoptera  (Gray,  1832) 

and  by  a  genus  of  fishes  (Agassiz,  1837),  the  latter  by  a  genus  of 

Coleoptera  (King,  1833).     Cryphaus  was  founded  on  the  American 

species    Cr,  Boothi,  Green,  of  which    Cr.   eoUitelmy  Green,  which 

possesses  a  median  terminal  spine  to  the  pygidium  as  well  as  the 

five  lateral  pairs,  was  considered  merely  a  variety  by  Hall.^     Corda, 

in  dealing   with    the    similar    European    species    C,    araehnoide$ 

(Hoeninghans)  and  C,  stelli/er,  Burmeister,  considered  the  presence 

or  absence  of  the  terminal  spine  a  feature  of  generic  importance;  and 

accordingly  put  them  in  separate  genera,  which  he  called  Asteropyge 

and  Metacanihua  respectively.     Salter  °  was  the  first  to  denounce  the 

artificiality  and  weakness  of  this  division ;   so  that,  as  Cryphaus  is 

not  available  as  a  generic  or  group  name,  Asteropyge  must  be  used 

as  its  designation.     Kayser^  has  endeavoured  to  subdivide  Crypheeus 

again  into  Oorda^s  two  sections. 

Though  the  type-species  of  Dalmania  is  D.  caudatus  (Briinn.) 
and  that  of  Odontochile  0.  Hausmanni  (Brong.),  (or  as  Barrande 
declares  D.  Retissit  Barr.),  yet  it  was  early  recognised  that  these 
species  were  congeneric.  Both  Dalmania  and  Odontochile  were 
unfortunately  preoccupied,  the  former  by  a  genus  of  Diptera 
(Kobineau  Desvoidy,  1830)  and  tlie  latter  by  a  genus  of  Coleoptera 
{Odontoeheilaf  Laporte,  1834),  so  that  Barrunde  proposed  the  name 
Dalmanites,  which  though  often  used  in  a  very  wide  sense,  yet  must 
hold  good  as  the  group -name  of  which  the  type -species  is 
D.  catidatHs.  Hall  &  Clarke^  employed  the  name  Dalmanites  in 
such  a  wide  sense  that  they  proposed  the  name  Hausmannia  for  the 
sub-group  containing  the  type-species  ;  but  Oehlert  ^  considers  it  an 
unnecessary  duplicate  name. 

Acaste  must  be  considered  as  preoccupied,  the  name  Acasta 
having  been  given  by  Leach  in  1811  to  a  genus  of  Cirripedes. 
There  is  no  strict  synonym  for  this  group,  so  that  the  name  must  be 

*  Hall  &  Clarke :  op.  cit.,  p.  4d. 

*  Salter:  Mem.  Geol.  Sun-.,  doc.  ii,  1849,  art.  1,  p.  8. 

^  Karser:  "Die  Fauna  alt.  Dev.  Ablag.  Ilarzes,"  p.  33  (Abhandl.  f^ool.  spec. 
Kart.  Preaw.,  Bd.  ii,  Iloft  4,  1878). 

*  Hall  Sc  Clarke:  op.  cit.,  p.  xxxi. 

*  Oehlert:  Bull.  Soc.  Geol.  France,  86r.  iii,  yoI.  xvn  (1889),  p.  15^. 
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replaced  by  a  new  one  if  the  morphologioal  or  phylogenetio  claima 
of  the  group  which  it  marks  are  sufficient  to  warrant  a  distinctive 
title. 

The  diyisional  names,  therefore,  which  remain  after  this  pre« 
liminary  weeding-out  are  the  following  : — 


<  Aeatu: 

Monorakot. 

A»teropyg0. 

Chatmcpt, 

Cormura, 

Phacopt, 
Fwrthckia. 

Corycephaltu. 

Cryphina. 

Dalmanitei. 

FrobeUnm. 

PUrfgomtiopm. 

Somatrikekm, 

Homalopi, 
MaUadaia, 

Sgnphoria, 

Whether  all  the  above  divisions  have  sufficient  morphological  or 
phylogenetio  value  to  be  retained  in  a  natural  system  of  classifioation 
is  the  question  now  to  be  discussed. 

Principlea  of  Cflaanfieation, 

Dismissing  from  our  minds  all  ideas  and  prejudices  derived  from 
customary  usage  and  psist  authorities,  it  is  worth  while  considering 
in  what  manner  we  should  group  the  members  and  species  of  the 
Phacopidsd  supposing  we  were  to  start  completely  de  novo.  The 
principles  for  a  natural  arrangement  are  acknowledged  to  be  found 
in  the  modifications  of  the  head-shield,  as  we  have  learned  especially 
from  Professor  Beecher's  valuable  researches.  In  the  case  of  the 
members  of  a  compact  family  such  as  the  Phacopidsd  the  changes  in 
the  glabella  offer  the  best  guide,  and  these  changes  are  shown  by 
the  fusion  or  reduction  or  even  disappearance  of  certain  lobes.  The 
modifications  in  the  thorax,  which  always  retains  the  fixed  number 
of  eleven  segments,  are  of  secondary  morphological  value  and  of 
minor  developmental  importance;  and  while  there  is  an  immense 
amount  of  variation  in  the  characters  of  the  pygidium  in  shape, 
number  of  segments,  and  ornamentation,  yet  the  evidence  of  the 
trilobites  as  a  whole  and  of  individual  families  (e.g.  the  CheiruridsB) 
indicates  that  structural  changes  in  this  part  of  the  body  occur  in 
less  regular  succession  and  pursue  often  an  independent  or  eccentric 
development,  so  that  for  the  purposes  of  a  classification  which  is 
intended  to  be  based  on  phylogeny  they  are  of  less  significance  than 
those  in  the  head-shield. 

Starting,  then,  from  the  well-established  view  of  the  primitive 
pentamerous  composition  of  the  head-shield  of  trilobites,  we  may 
expect  to  find  this  pentamerio  segmentation  best  exhibited  in  the 
earliest  and  least  modified  members  of  the  family.  The  phylogeny 
may  be  anticipated  to  follow  the  ontogeny  which  has  been  traced  in 
more  than  one  species  of  Phacops, 

The  group  termed  Dalmanitea  by  Barrande,  using  the  name  in  its 
widest  and  most  comprehensive  sense,  most  clearly  preserves  the 
fivefold  division  of  the  head-shield.  In  the  early  post-embryonic 
stages  of  its  species,  as  well  as  at  maturity,  the  five  segments  are 
well  diBflajed.    The  retention  of  this  primitive  character  throughout 
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Hie  whole  history  of  the  ^roap  must  be  undoubtedly  interpreted  as 
•of  considerable  importanoe,  though  even  in  the  larval  stages  some 
taohygenetio  features  appear  whioh  stamp  the  group  as  belonging  to 
one  of  the  higher  and  later  families  of  trilobites.  There  does  not 
seem  to  be  any  reason  for  oonsidering  the  pentamerism  of  the  later 
4ind  more  specialised  forms  of  DalmaniieB  as  signs  of  retrogression  or 
as  senile  re-adoptions  of  pre-adult  and  early  oharaoters;  for  the 
succession  of  DaZmanitet-forms  is  traceable  in  practically  a  con- 
tinuous and  unbroken  series  from  their  first  appearance  to  their 
-extinction. 

The  loss  of  the  original  pentamerism  of  the  head-shield  to 
a  greater  or  less  extent,  as  illustrated  by  a  large  number  of  members 
of  the  family,  must  be  taken  as  a  departure  from  primitive  conditions 
and  as  a  sign  of  specialisation  and  an  advance  in  development. 

This  structural  change  may  take  place  in  either  of  two  ways, 
(1)  by  the  fusion  of  two  or  more  of  the  successive  lobes;  or  (2)  by 
the  unequal  growth  of  the  lobes,  leading  to  the  reduction  in  size  or 
squeezing-out  of  some  of  them.  In  the  first  case  the  obsolescence 
or  complete  disappearance  of  the  segmental  (lateral)  furrows 
•concerned  accompanies  the  change;  and  in  the  second  case  the 
lobes  themselves  are  more  or  less  lost 

It  is  noticeable  that  these  types  of  structure  in  the  head-shield  do 
not  absolutely  replace  each  other  in  regular  chronological  succession, 
but  frequently  exist  contemporaneously  ;  the  more  highly  specialised 
type  did  not  drive  out  the  simpler  type,  and  the  old  primitive  stock 
from  which  the  others  must  have  been  derived  held  its  ground  in 
spite  of  the  vigorous  growth  of  its  lateral  offshoots,  even  lasting  till 
the  final  disappearance  of  the  family. 

A  lai^  number  of  intermediate  conditions  between  the  perfect 
pentamerous  and  the  lobeless  or  paucilobed  forms  of  Phacopidsd 
have  been  observed,  and  this  has  given  rise  to  the  abundant  and 
varied  nomenclature.  Many  of  the  so-called  genera,  subgenera,  and 
groups  or  sections  have  been  founded  on  these  transitional  forms, 
whioh  are  of  much  interest  from  a  developmental  point  of  view,  but 
these  distinctive  names  of  higher  than  specific  rank  have  obscured 
the  broad  features  of  the  phylogeny,  particularly  in  cases  where  the 
occurrence  of  such  forms  is  purely  local  and  their  representation 
restricted  to  a  single  species. 

The  presence  of  so  many  intermediate  links  has  rendered  the 
division  of  the  family  into  sharply  separated  and  well-defined 
genera  a  matter  of  extraordinary  difficulty,  as  the  literature  on  the 
subject  illustrates,  hardly  two  authorities  agreeing  completely  on 
the  limits  of  the  various  divisions  of  the  family. 

Lines  of  Development. 

Regarded  as  a  whole  we  may  distinguish  three  lines  along 
which  the  development  of  the  Phacopidaa  has  proceeded,  and  they 
Btart  from  an  early  stage  in  the  history  of  the  family.  Two  of 
these  lipes  find  their  culmination  in  the  Devonian  period,  where 
they  are  represented  by  the  typical  Fhacopa  with  a  lob^U%%  qx 
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nearly  lobelesB  short  glabella,  and  the  speoialiiied  types  of  Dalmaniiem 
with  an  elongated  well-eegmented  glabella.  Hoemea'  had  traced 
the  whole  history  of  these  two  parallel  branches  of  the  family  in 
Bohemia  from  the  Ordovioian  to  the  Devonian,  and  has  dearly 
shown  that  the  typical  Phaeop9  is  derived  by  a  series  of  progressive 
changes  from  the  primitive  forms  of  Dalmamie$  which  form  tiie- 
root  of  the  whole  family. 

Along  the  Dalmaniiea-liae  a  pentamerous  segmentation  of  the 
head-shield  with  a  more  or  less  elongated  cranidiam  and  glabella 
have  persisted,  though  the  glabella  has  been  occasionally  modified 
by  the  unequal  or  irregular  growth  of  the  lobes,  and  even  by  the 
partial  obliteration  of  some  of  the  lateral  farrows ;  the  head-shield 
also  has  in  some  oases  accompanied  these  changes  by  the  production 
of  various  marginal  or  superficial  ornaments  or  processes,  but  their 
development  in  other  cases  has  been  independent 

Along  the  other  line  there  bns  taken  place  a  general  shortening^ 
of  the  cranidium,  with  a  loss  of  segmentation  occasioned  by  the 
obsolescence  or  disappearance  of  the  lateral  furrows  of  the  glabella  ; 
the  lobes  have  become  more  or  less  completely  fused,  the  glabella 
inflated,  and  the  outline  of  the  head  •shield  generally  rounded 
without  any  marginal  processes. 

Concurrent  changes  in  the  thorax  and  pygitiium  are  also  notioeable- 
along  each  line. 

In  the  Dalmaniiei'hrsLnch  the  thorax  tends  to  become  flattened, 
and  to  develop  free- pointed  ends  to  the  pleurae,  while  the  number 
of  the  segments  in  the  pygidium  increases,  and  its  extremity 
becomes  mucronate,  or  the  margin  may  be  produced  into  varioua 
Hpinose  processes.  The  general  tendency  to  develop  spines  and 
processes  on  the  head-shield  and  pygidium  is  a  marked  characteristic 
of  the  later  members  of  this  branch. 

On  the  other  hand,  the  Fhacops-hrtLnoh  tends  to  have  all  points 
rounded  off;  the  genal  angles  of  the  head-shield  are  usually  roundcil 
and  not  produced  ;  there  is  an  absence  of  spinose  ornaments  on  the 
head  ;  the  thorax  becomes  more  convex ;  the  pleurae  have  their  ends 
obtuse  or  rounded  ;  the  pygidium  is  not  elongated,  but  assumes 
a  semicircular  more  or  less  transverse  form  without  terminal  or 
lateral  processes,  and  consists  of  comparatively  few  segments. 
Hoerues  traces  the  origin  of  this  FhacopB-hrfinch  from  the  primitive 
DalmaniteS'formB  (e.g.,  D,  aocialis,  D,  Fhillipsi,  etc.)*  and  upwards 
through  the  Silurian  group  of  Phacopn  Olockeri  and  its  allies. 

As  we  should  expect  from  our  knowledge  of  the  ontogeny,  the 
earliest  members  of  the  whole  family  have  a  pentamerously 
segmented  head -shield.  This  is  the  case  in  Bohemia,  as  Hoemes 
notes,  and  also  in  England,  where  the  earliest  Phacopids  are 
Ph.  Ntcholsoni  of  the  Skid  daw  Slates  and  Ph.  llanvimenais  of  the 
Upper  Arenig  (Llanvim  Beds). 

The  primitive  Dalmanites-grou}^  may  be  therefore  regarded  ns 
constituting  the  stock  from  which  later  groups  have  branched  off, 

1  Iloemes,  Jahrb.  Geol.  Rdchsjjiist.  Wion,  Bd.  xxx,  Heft  4  (1880),  pp.G51-686: 
ana  id.,  Kosmo?,  Jahrg.  iv,  Bd.  viii  (1880),  pp.  20-32. 
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and  its  characters  are,  as  we  should  anticipate,  somewhat  composite 
and  Taried.  The  elements  of  fatare  lines  of  development  are  foand 
to  be  contained  within  its  limits.  For  example,  the  genal  angles 
are  sometimes  spined  and  sometimes  rounded ;  the  same  is  the  case 
with  the  extremities  of  the  thoracic  plenrsd ;  the  pygidium,  though 
always  consisting  of  fewer  segments  than  in  the  Dalmanitea  of  later 
periods,  is  in  some  species  elongated  and  mucronate,  while  in  others 
it  is  rounded  and  has  n  simple  margin.  Two  sub-groups  can  in  fact 
be  distinguished  in  the  Bohemian  group  of  primitive  Dalmanitea, 
as  Hoemes  has  pointed  out :  one  sub-group  marked  by  D,  Angelini 
and  2).  aocta/ta,  leading  onward  into  the  typical  Silurian  Dalmanites, 
wiiile  the  other,  which  comprises  such  forms  as  D.  atavm  and 
D.  PkUUpsi,  has  more  in  common  with  the  later  group  of  Ph.  Oloeheri. 

Branch  A. 

In  the  case  of  the  branch  culminating  in  the  spinose  and  otherwise 
ornamented  representatives  of  DalmaniUs  of  the  Devonian  period, 
there  is  no  continuous  chain  of  forms  in  Bohemia  connecting  the 
latest  developments  of  the  pentamerous  series  with  the  early  stock. 
£tage  E  affords  no  evidence  of  the  existence  of  this  branch,  and 
perhaps  the  scene  of  its  evolution  was  temporarily  moved  elsewhere. 
In  Northern  Europe,  and  even  in  the  British  Isles  alone,  we  are  able 
to  fill  up  this  gap  to  some  extent.  For  in  £ngland,  succeeding  the 
Arenig  forms  of  early  DalmaniteSy  we  get  a  variety  of  D,  sodalia  in 
the  Orihia  argentea  shales  of  South  Wales/  and  in  the  Sholeshook 
and  Redhill  Beds  we  find  D.  Roberisif^  in  which  the  characters  are 
oomposite  as  in  the  Bohemian  early  stock.  Then  comes  D,  appendicu- 
latu8,  Salter,  of  the  Bala  and  Ashgill  shales,  possessing  most  of  the 
features  of  a  typical  Silurian  DalmaniteSj  though  it  has  fewer 
segments  in  the  pygidium.  The  Silurian  formation  follows  with 
the  type-species  of  DalmaniteSy  D,-  caudaiusy  and  it  is  accompanied 
by  numerous  allied  forms,  D.  longieatidaius,  D.  Weaveriy  D,  ohtusi- 
eaudatus,  etc.  During  the  equivalent  period  in  Bohemia  there 
seems  to  have  been  a  complete  absence  of  Pbacopidse  belonging  to 
the  2)a{fii€iiit<e«-branch.  Passing  to  Scandinavia,  we  find  the 
Ordovician  D.  mucronatus  (which  is  closely  allied  to  the  Fnglish 
D.  appendietdatus)  succeeded  by  D,  caudatns  and  related  species. 
The  DcUmaniteB'group  is  also  well  represented  in  North  America 
and  in  Australia  in  Silurian  beds,  and  has  recently  been  discovered 
in  Burma.  In  the  following  Devonian  period  we  meet  with  a  great 
and  varied  development  of  this  group.  In  most  parts  of  Europe  the 
spinose  group  of  Asteropyge  occurs,  and  less  commonly  the  smaller 
groups  named  Malladaiay  Cryphinay  and  ProhoUum.  In  Bohemia 
the  Devonian  representatives  of  Dalmnnitea  resemble  structurally 
the  typical  Silurian  forms  of  other  parts  of  Europe,  except  in  an 
increased  number  of  pygidial  segments.  The  other  groups  seem  in 
this  part  of  Europe  to  be  absent.     A  notable  departure  from  the 

»  Reed:  Geol.  Mao.,  Dec.  V,  Vol.  I  (1904),  p.  383,  PI.  XII,  Fig.  2. 
»  Ibid.,  p.  106,  PI.  V. 
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Silarian  type  of  glabella  is  foand  in  Malladaia  by  tbe  partial  los8  or 
reduction  of  tbe  third  pair  of  lateral  lobes.^  Orjfpkina*  differs 
mainly  from  Asieropyge  in  tbe  number  and  sbape  of  the  marginal 
pygidial  spines,  and  ProhoUum*  is  cbaracterised  chiefly  by  the 
possession  of  a  long  frontal  rostmm  on  tbe  bead-shield,  radiments 
of  which  are  found  in  Silurian  species. 

{To  be  eomiinued.) 


I2r  E  V  I  E  ^W  S. 


Jaasboek  van  het  Mijnwkzkn  in  Nkderlaitdsoh  OoST-lNDlii. 
Drie  en  dertigste  Jaargang,  1904.  Wetensohappelijk  Gedeelte : 
Geologie  eines  Teiles  yon  West  Borneo,  nebst  einer  kritiscben 
Uebersicht  des  dortigen  Erzvorkommens,  zusammengestellt  von 
N.  Wing  Easton,  Oberbergingenieur.  Zu  diesem  Werke 
geboeren :  Ein  Atlas  und  eine  Mappe  mit  Microphotographien. 
fiatavia,  Landsdrukkerij. 

Ykarbook  of  Mining  in  the  Dutch  East  Indies.  33rd  year, 
1904.  Scientific  Part :  Geology  of  a  Part  of  West  Borneo,  with 
a  critical  review  of  iU  Ore  Deposits,  composed  by  N.  Wing  Easton, 
Chief  Mining  Engineer.  To  this  work  belong  an  Atlas  and  a  Map 
with  Microphotographs.  Royal  8vo :  pp.  xv,  542,  with  folio 
Atlas  of  11  coloure(l  geological  plates,  1  plate  of  sections,  and 
1  of  fossils;  also  120  microphotographs  of  Borneo  rooks,  on 
21  plates,  with  explanatory  text     Batavia  :  State  Printing  Office. 

A  BOUT  two  years  since  *  we  called  the  attention  of  our  readers 
J\_  to  the  elaborate  work  of  Dr.  Molengraaff  describing  his 
geological  explorations  in  Central  Borneo ;  we  have  now  before 
us  another  volume,  somewhat  more  restricted  in  character,  giving 
an  account  of  the  geology  of  a  part  of  the  Residency  of  West  Borneo, 
which  includes  the  Kupuas  district  and  the  territory  to  the  north 
of  it.  Mr.  Wing  Easton,  the  author  of  the  work,  has  been  about 
fourteen  years  engaged,  on  the  part  of  the  Dutch  Colonial  Govern- 
ment, in  mining  and  geological  exploration  in  this  extensive  region, 
and,  judging  from  his  descriptions,  its  topographical  and  geological 
features  are  generally  very  similar  to  those  of  Central  Borneo.  The 
country  is  by  no  means  an  ideal  one  for  geological  investigation,  for 
there  are  hardly  any  well-defined  highways,  land  communication 
is  carried  on  along  narrow  footpaths  or  tracks,  often  through  dense 
forests,  and  rock  exposures  are,  as  a  rule,  only  met  with  on  the 
banks  of  streams.  Moreover,  the  apparently  entire  absence  of  fossils 
in  the  older  sedimentary  rocks  of  Borneo,  and  their  extreme  rarity 
and  limited  distribution  in  hii^her  strata,  form  a  serious  hindrance 
to  the  determination  of  the  real  stratigraphical  sequence,  and,  failing 

*  Oehlert:   Bull.  Soc.  Geol.  France,  ser.  in,  vol.  ixiv  (1896),  p.  848,  woodcnt 
%.  12. 

*  Id. :  op.  cit.,  ser.  in,  vol.  ivii  (1889),  p.  768. 
'  Ibid.,  p.  7C3,  pi.  xviii,  fij;.  6. 

'  Oeol.  3Iao.,  Dec.  IV,  Vol.  X  (1903),  p.  167. 
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these    does,  the  aathor  falls  baok  on  similarity  in    lithologioal 
dukracters  and  the  degree  of  disturbance  as  evidence  of  correlation. 

The  oldest  sedimentary  rocks  in  West  Borneo  are  dark,  hard 
Itutroas  clay-slates  of  considerable  thickness,  without  any  admixture 
of  either  sandstones  or  limestones.  No  fossils  have  as  yet  been  met 
"with  in  them.  The  beds  are  strongly  folded.  With  the  exception 
of  the  higher  beds  of  the  series,  which  are  supposed  to  be  of  Ix>wer 
Triassic  age,  these  slates  are  regarded  as  Palaaozoio.  They  probably 
oorrespond  to  the  '  Old  Slate  Formation  '  of  Molengraaff. 

Next  above  the  clay- slates,  the  rocks  consist  of  micaceous  shales 
and  pyritous  sandstones,  frequently  altematiug.  Associated  with 
the  sediments  there  are  massive  beds  of  quartz-porphyry  and  diabase. 
Iq  one  locality  an  undoubted  Triassic  fossil,  Ifonotta  aalinaria,  is 
present,  and  serves  to  mark  the  age  of  these  rocks ;  also,  in  siliceous 
marls  and  in  beds  of  tuff,  Radiolaria  occur. 

Saooeeding  the  Triassic  there  comes  a  series  of  deposits  of  shales, 
marls,  sandstones,  and  occasionally  limestones,  frequently  fossil  if erous, 
belonging  to  the  Jurassic  period.  The  Lias  is  shown  in  one  locality 
hj  the  occurrence  of  Harpoeeras  radians ;  casts  of  Perisphinctes  may 
indicate  Middle  or  Upper  Jura,  whilst  on  higher  horizons  of  the  age 
of  the  Dogger  there  are  shales  and  marls  containing  Exelissa^ 
Corhda,  Aslarte,  and  Frotoeardiumf  in  places  sufficiently  numerous 
to  form  a  shell -breccia. 

Nearly  at  the  base  of  the  Jurassic  series,  in  the  neighbourhood 
of  Eendai,  there  are  beds  of  siliceous  shales  and  marls  with  a  total 
thickness  of  about  450  metres,  which  are  rich  in  Radiolaria,  but 
with  the  exception  of  a  cast  of  Corhula  other  fossils  were  not  met 
with  in  them.  Most  of  the  commoner  forms  of  the  Radiolaria 
described  by  Hinde  in  MolengraafiTs  work  were  recognized  by  the 
author  in  these  deposits,  and  he  is  enabled  thereby  to  confirm 
the  opinion  expressed  by  Hinde  that  they  are  Jurassic  in  age. 
Mr.  Wing  Easton,  however,  calls  in  question  the  accuracy  of 
Molengraaff's  view  of  the  oceanic  character  of  these  radiolarian  rocks, 
and  considers  that  they  are  of  brackish-water  origin,  mainly,  it 
would  appear,  on  the  ground  that  higher  in  the  series  they  are 
overlain  by  thick  beds  of  hard  sandstones  containing  Corhula  and 
other  shells  indicating  shallow-water  conditions. 

Deposits  of  fine  sandstones,  tuffs,  shales,  and  marls  with  Radiolaria, 
and  accompanied  by  thick  beds  of  diabase  and  propylite,  are  referred 
to  the  Lower  and  Middle  Cretaceous.  Fossils  are  rare  and  limited 
to  one  locality.  Species  of  the  Ammonite  genus  Knemoceras  have 
been  determined  by  Dr.  Erause,  and  are  regarded  as  Cenomanian  in 
age ;  whilst  two  Gasteropods,  liiera  scalaris^  Vogel,  and  Nerinea  sp., 
may  be  of  Gault  age. 

Sedimentary  deposits  of  Tertiary  age  have  not  been  met  with  in 
ibis  part  of  Borneo,  but  this  period  is  represented  by  eruptive  rocks, 
mainly  of  homblende-andesite,  hypersthene-andesite,  and  basalt ; 
this  last  forms  extensive  surface  beds  and  gigantic  flows. 

The  mineral  wealth  of  Western  Borneo  has  been  greatly  over- 
estimated:   neither  coal  nor  petroleum  has  been  {ouii&\  CAHXi^^x^ 
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copper,  and  lead  exist  in  small  quantities ;  iron,  molybdeuum,  and 
bismuth  are  met  with,  but  none  of  these  metals  can  be  worked 
at  a  profit.  The  alluvial  gold-bearing  deposits  are  now  nearly 
exhausted;  the  author  considers  this  gold  to  have  been  derived 
originally  from  the  quartz-porphyry.  The  alluvial  gravela  have 
also  yielded  diamonds. 

With  the  view  of  ascertaining  if  any  clue  could  be  found  to  the 
relative  age  of  the  various  sedimentary  rooks  in  Borneo,  and  for 
comparison  with  the  eruptive  rocks  in  other  parts  of  the  East  Indies, 
the  author  undertook  a  thorough  investigation  of  the  stmoiare  of 
the  various  igneous  rooks,  tufifs,  and  breccias  present  in  the  region, 
and  a  detaileid  description,  extending  to  160  pages,  is  given  of  their 
microscopical  characters.  To  facilitate  comparison,  120  admirably 
rendered  microphotographs  representing  the  principal  types  of 
these  rooks  are  given  in  a  separate  cover.  The  author  has  arranged 
them  under  the  following  groups: — (i)  Basalt;  (ii)  Andesite; 
(iii)  Propylite ;  (iv)  DiabaM-diorite ;  (v)  Biotite-diabase  with 
hornblende  or  olivine;  (vi)  Uralite  and  Epidiabase;  (vii)  Normal 
Diabase,  undoubtedly  Triassio ;  (viii)  Diorite,  Norite,  and  Gabbro; 
(iz)  Quartz-porphyry ;  (z)  Granite  and  Quartz-diorite ;  and  also 
(xi)  Breccias  of  eruptive  rooks. 

Further,  we  may  mention  the  Atlas  of  12  carefully-drawn  and 
coloured  geological  maps  and  sections  and  one  plate  of  fossils. 

Mr.  Wing  Easton  and  his  coadjutors  merit  our  congratulations 
on  bringing  their  arduous  labours  involved  in  the  preparation  of 
this  work  to  a  successful  conclusion. 


JREIPOi^TS     J^ISTID     I=»:ROCESEIDI3iT<3-S. 


Geologioal  Sooirtt  of  London. 

L— February  17th,  1905.— J.  E.  Marr,  ScD.,  F.RS.,  President, 

in  the  Chair. 

Annual  Gbnbsal  Mketing. 

The  Heports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1904  were  read.  After  premising  that  the 
Society  continues  to  be  generally  in  a  flourishing  condition,  the 
Council  stated  that  there  had  been  a  small  decrease  in  the  number 
of  Fellows  during  1904.  The  total  accession  of  Fellows  in  the 
course  of  the  twelve  mouths  under  review  was  44.  During  the 
same  period,  the  losses  by  death,  resignation,  and  removal  amounted 
to  53.  The  total  number  of  Fellows  on  December  31st,  1904, 
was  1,251. 

The  balance-sheet  for  that  year  showed  receipts  to  the  amount  of 
£3,187  38.  9^.  (including  a  balance  of  £192  6«.  lid.  brought 
forward  from  the  previous  year), and  an  expenditure  of  £2,777  16*.  2d. 

The  completion  of  vol.  Ix  and  the  commencement  of  vol.  Ixi  of  the 
Society's  Quarterly  Journal  was  announced. 
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It  was  stated  that  rapid  progress  was  being  made  with  Mr.  0. 
Darvies  Sherborn's  manuscript  Card -Catalogue  of  the  Library ;  and, 
further,  that  Ifr.  Sherbom  had  undertaken  to  continue  during  the 
4mrrent  year  the  preparation  of  the  catalogue-slips  for  the  Inter- 
national Catalogue  of  Scientific  Literature. 

In  view  of  the  approaching  centenary  year  of  the  Society  (1907) 
the  appointment  of  a  Committee  was  announced,  to  carry  out  the 
scheme  suggested  by  Mr.  H.  B.  Woodward  for  the  publication  of 
a  record  which  should  embody  the  history  of  the  Society. 

The  Report  of  the  Library  and  Museum  Committee  enumerated 
the  extensive  additions  made  to  the  Society's  Library,  and  gave 
•ome  details  as  to  the  Card-Catalogue. 

The  Reports  having  been  received,  the  President  presented  the 
Vollaston  Medal  to  Dr.  J.  J.  Harris  Teall,  F.R.S.,  addressing  him 
«8  follows : — 

Dr.  Teall, — The  Council  have  unanimously  awarded  to  you  the  Wollaston  Medal, 
in  recognition  of  the  value  of  your  reAearches  concerning  the  mineral  structure  of  the 
Eartii,  and  particularly  of  your  contributions  to  the  science  of  Petrology  generally, 
tnd  more  especially  to  our  knowledge  of  the  structure  and  composition  of  the  rocu 
of  the  British  Islands. 

With  regard  to  the  nature  of  those  researches  I  need  add  nothing :  the  published 
work  of  a  Wollaston  Medallist  is  familiar  to  the  students  of  our  science  in  all  parts 
of  the  world,  and  will  remain  in  evidence  to  enable  the  geologists  of  the  future  to 
tppreciate  its  value. 

^ut,  although  this  Medal  has  been  awarded  to  you  for  your  researches,  not  on 
account  of  these  alone  are  we  proud  of  you. 

When  presentinff  to  you  the  degree  of  Doctor  of  Science  honoris  causa  in  the 
University  of  Dubhn  last  year,  the  Public  Orator  referred  to  you  as  **  a  man  as  dear 
to  all  for  the  kindliness  of  his  nature  as  he  is  admired  by  all  tor  the  profoundness  of 
his  learning."  Thanks  to  this  kindliness  of  nature,  you  have  ever  placed  your  great 
stores  of  knowledge  at  the  disposal  of  other  workers.  How  much  work  we  thus  owe 
to  you  will  never  be  known,  for  in  helping  others  you  have  ever  acted  on  the 
principle  of  not  letting  your  left  hand  know  what  your  right  hand  doeth  ;  but  were 
it  known,  I  can  safely  aver  that  it  would  be  found  to  nave  promoted  researches 
concerning  the  mineral  structure  of  the  Earth,  to  so  great  an  extent  as  to  render  you 
doubly  deserving  of  this  Medal. 

Each  one  of  your  predecessors,  in  the  high  post  which  you  occupv  as  Director  of 
the  Oeological  Survey  of  the  United  Kingdom,  has  received  the  Wollaston  Medal, 
■and  we  welcome  its  award  to  you,  who,  like  them,  have  done  so  much  to  foster  the 
friendly  feeling  which  exists,  and  wiU,  I  trust,  ever  exist,  between  the  members  of 
that  Survey  and  other  geologists. 

That  it  /alls  to  my  lot  to  hand  you  this  Medal  is  a  source  of  keen  pleasure  to  me. 
It  is  now  more  than  a  ouarter  of  a  century  since  we  first  met  in  our  college  ;  and 
since  then  I  have  indeea  profited  greatly  by  your  ever-ready  help,  and  am  pleased  to 
take  this  opportunity  of  acknowledging  it. 

Dr.  Teall,  in  reply,  said  : — 

Mr.  President, — To  be  enrolled  on  the  list  of  recipients  of  the  Wollaston  Medal  is, 
I  need  hardly  say,  an  honour  that  I  appreciate  highly,  and  the  pleanure  that  I  feel 
is  enhanced  oy  the  fact  that  my  name  will  follow  very  closely  upon  that  of  Professor 
Kosenbusch,  to  whom  I,  in  common  with  all  other  petrographers,  owe  so  much. 
I  am  vividly  reminded  to-day  of  a  personal  visit  that  rrotensor  llosenbusch  paid  to 
me  at  Kew  many  years  ago,  of  the  kindly  interest  that  he  displayed  in  my  early 
efforts  in  microscopic  petrography,  and  of  the  encouragement  that  he  gave  me  to 
pursue  the  study  in  which  1  had  been  initiated  by  my  old  friend  and  College  tutor, 
Profeesor  Bonney.  I  feel  especially  indebted  to  these  two  lormer  recipients  of  the 
Wollaston  Medal,  and  I  am  glad  of  this  opportunity  of  expressing  my  feelings 
towards  them. 
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I  thank  the  Council  of  the  Greological  Society  for  the  Tery  great  honour  tiiat  they 
have  conferred  upon  me,  and  you,  Sir,  for  the  Tery  Idnd  words  with  which  you 
haye  accompanied  the  award. 

The  President  then  handed  the  Marohison  Medal,  awarded  to 
Mr.  Edward  John  Dunn,  of  Melbourne  (Victoria),  to  Profeseor 
J.  W.  Judd,  C.B.,  F.R.S.,  for  transmission  to  the  recipient,  and 
addressed  him  in  the  following  words : — 

Professor  Judd, — The  MnrchiBon  Medal  has  heen  awarded  to  Mr.  £.  J.  Dunn  in 
recognition  of  his  valuahle  contributions  to  geological  science  by  the  preparation  of 
his  geological  maps  of  South  Africa  and  his  iuTestigations  concerning  the  occurrence 
of  gold  in  Austraua. 

Mr.  Dunn's  career  furnishes  the  world  with  an  admirable  proof,  were  sach  needed, 
of  the  Talue  of  the  economic  application  of  our  scienoe.  Katurally  attracted  to  tiie 
science,  Mr.  Dunn  fitted  himself  for  the  pursuit  of  the  special  Ivranch  with  which 
he  has  been  most  closely  connected,  by  study  at  the  lloyal  School  of  Mines. 
Although  his  attention  has  been  chiefly  directed  to  g^ld-bearing  rocis  in  Africa  and 
Australia,  he  has  not  neglected  branches  of  geology  unconnected  with  economics, 
and  has  in  particular  contributed  to  our  knowledge  of  Glacial  deposits  in  different 
parts  of  the  world.  His  labours  in  mapping  portions  of  South  Ainca  rendered  him 
eminently  qualified  for  the  post  to  which  ne  has  now  been  called — ^the  Directorship  of 
the  Geological  Surrey  of  Victoria. 

Considering  the  great  interest  which  the  founder  of  this  Medal  took  in  the 
geological  conditions  which  have  controlled  the  distribution  of  gold,  the  award  of  the 
Murchison  Medal  to  Mr.  Dunn  is  peculiarly  appropriate. 

In  conveying  it  to  him,  will  you  also  wish  him  on  our  behalf  a  successful  career  in 
his  new  office,  and  remind  him  that  the  geologists  of  this  island  watch  with  intereBt 
and  satisfaction  the  labours  of  their  bretnren  in  Greater  Britain. 

Professor  Judd  replied  as  follows  : — 

Mr.  President, — I  regret  that  the  period  since  the  award  of  this  Medal  by  the 
Council  has  not  permitted  of  our  receiving  a  reply  to  the  announcement  made  to 
^Ir.  Dunn  at  Melbourne.  I  do  not  doubt,  however,  that,  on  his  behalf,  I  may 
assure  vou  of  the  sense  which  he  entertains  of  the  honour  that  has  been  conferred 
upon  hini  by  the  award  of  the  Murchison  Medal.  Thirty  years  have  elapsed  since 
Mr.  Dunn  made  his  first  contributions  to  this  Society,  upon  the  then  little-kno^'n 
geology  of  South  Africa ;  and,  during  more  than  thirty  years,  he  has  laboured 
unweariedly  in  solving  geological  problems  in  our  Colonies — first  in  South  Africa, 
and  afterwards  in  Auf»&alia.  Besides  the  gratification  given  to  the  recipient  himself, 
I  feel  assured  that  this  award — made  by  the  mother  of  geolo^cal  societies  to  one 
so  closely  identified  i^ith  the  progress  of  our  science  in  the  Colomes — will  be  regarded 
by  them  as  an  act  not  less  graceful  than  just.  It  will  serve  to  convince  those  young 
and  \igorous  communities  of  our  sympathy  with,  and  interest  in,  their  efforts  to 
explore  the  geological  features  of  the  vast  areas  of  the  Earth's  surface  which 
constitute  their  heritage. 

In  handing  the  Lyell  Medal,  awarded  to  Dr.  Hans  Reusch, 
F.M.G.S.,  Director  of  the  Geological  Survey  of  Norway,  to  Sir 
Archibald  Geikie,  So.D.,  Sec.  R.S.,  for  transmission  to  the  recipient, 
the  President  addressed  him  as  follows : — 

Sir  Archibald  Geikie, — The  Lyell  Medal  is  awarded  to  Dr.  Hans  Reusch,  as 
a  mnrk  of  honorary  distinction  and  as  an  expression  on  the  ^art  of  the  Council  that 
he  has  deserved  well  of  the  science,  particularly  by  his  contributions-  to  our 
knowledge  of  the  geology  of  Norway. 

Bom  on  that  ^^  fragment  of  primeval  Europe  "  extending  through  Scandinavia  and 
Caledonia,  which  has  been  the  training-ground  of  so  many  geologists  of  eminence. 
Dr.  Keusoli  has  zealously  pursued  tne  study  of  our  science  in  his  native  land. 
Undeterred  by  the  difficulties  which  beset  the  students  of  its  rocks,  and  avoiding  the 
pitfalls  ot  h^-pothesis,  he  has  garnered  a  store  of  information  which  is  of  very  nigh 
value  to  the  students  of  the  crvstalline  schists.    Nor  has  he  confined  his  attention  to 
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tii6se  rocks,  but  has  added  to  our  knowledge  of  the  elacial  phenomena  of  his 
coaniiy,  and  of  recent  years  especially  has  been  attracted  by  the  fascinating  task  of 
aeeoontmg  for  many  of  its  surface-features. 

The  reception  ot  the  Medal  by  you,  Sir,  on  Dr.  Eeusch's  behalf  but  partially 
diminishes  our  regret  at  his  absence  this  day.  In  conveying  the  Medal  to  him,  wiU 
you  at  the  same  time  convey  the  good  wishes  of  the  many  workers  in  this  country 
who  are  glad  to  number  him  among  their  friends. 

Sir  Archibald  Geikie,  in  reply,  said  : — 

Mr.  President, — It  eives  me  great  pleasure  to  be  the  medium  of  transmitting  the 
Lyell  Medal  to  my  old  friend  Dr.  Hans  Reusch.  No  one  who  is  familiar  wim  the 
pro^^ress  of  geology  in  Scandinavia  during  the  last  quarter  of  a  century  can  have 
the  least  hesitation  in  cordially  approving  Uie  action  of  the  Council  in  conferring  this 
distinction  upon  him.  He  has  thrown  light  on  the  oldest  rocks  of  Norway  and  on 
the  problems  of  metamorphism,  and  he  has  included  the  yoimgest  geological 
phenomena  within  his  ken.  Having  had  the  advantage  of  malung  traverses  ot  his 
gToand  with  him  in  the  north  of  Norway,  I  can  bear  vritness  to  his  keen  powers  of 
obflervation,  and  to  the  enthusiasm  with  which  he  employs  them.  We  may  hope 
that  many  years  of  active  work  are  still  in  store  for  him,  to  the  great  advantage  of 
our  science.  Dr.  Beusch,  in  asking  me  to  receive  the  Medal  on  his  behalf,  has 
enclosed  a  few  words  of  acknowledgment,  which  I  will  now  read  : — 

**  It  is  to  me  a  great  and  unexpected  pleasure  to  receive  the  Lyell  Medal  from  the 
Council  of  a  Society  so  celebrated  throughout  the  scientific  world. 

**  It  is  the  case  with  me,  as  with  so  many  others,  that  the  name  of  Lyell  is  allied 
with  our  earliest  interest  in  the  science  dear  to  us  all.  I  remember  well,  though 
1  have  not  seen  it  for  a  good  many  years,  the  old  copy  of  the  fiist  German  translation 
of  the  '  Principles,*  borrowed,  when  I  was  a  boy,  U'om  the  Museum  in  my  native 
town  of  Bergen,  and  how  I  read  in  it  with  wonder  of  the  evolution  of  the  very  earth 
that  we  are  wandering  upon. 

'*  In  later  years,  during  the  *  seventies,*  when  I  was  a  student,  the  stout  volumes 
of  the  '  Quarterly  Journal '  in  the  University  Library  in  Christiania  were  always  of 
the  greatest  interest  to  me,  as  they  appeared  year  by  year  ;  and  it  was  a  memorable 
day  of  ioy  to  me  when  the  news  arrived  that  I  had  myself  the  honour  of  being  elected 
a  Member  of  the  Geological  Society. 

**  My  work  in  the  days  left  to  me  will  be,  I  hope,  in  my  native  land  of  Norway. 
As  your  Society  embraces  the  whole  world  in  its  survey  of  our  science,  it  is  my  hope 
that  such  small  sparks  of  truth  as  I  may  be  able  to  add  to  what  is  known  of  the 
geolo^  of  Norway  may  be  of  some  small  interest  to  your  Members.  I  return  my 
h^LFtiest  thanks  to  the  Council  of  the  Geological  Society  for  the  great  and  undeser^'ed 
honour  which  they  have  bestowed  upon  me." 

The  PreBident,  in  presenting  the  Bigsby  Medal  to  Professor 
John  Walter  Gregory,  D.Sc,  F.R.S.,  addressed  him  in  the  following 
words : — 

Professor  Gregory, — The  Bigsby  Medal  is  awarded  to  you,  as  an  acknowledgment 
of  your  eminent  services  to  Geology,  the  result  of  work  carried  on  in  many  parts  of 
the  world. 

The  founder  of  this  Medal  was  himself  a  traveller.  In  the  preface  to  his  book 
"The  Shoe  and  Canoe,**  he  tells  us  that  he  spent  six  happy  years  wandering  over 
Uie  greater  portion  of  the  Canadas.  He  also  did  good  service  by  his  work  m  the 
study,  as  shown  by  his  **  Thesaurus  Siluricus'*  and  *' Thesaurus  Devonico-Car- 
boniierous."  Coula  he  extend  his  hand  across  the  gulf,  I  feel  that  he  would  give 
a  warm  welcome  to  one  who  has  earned  this  award  by  work  in  the  study  and  the 
museum,  and  by  explorations  carried  out  in  many  lands,  exposed  at  times  to  the 
scorching  sun  of  Africa,  at  others  to  the  icv  blast  of  Arctic  climes. 

Worthy  indeed  are  you  to  receive  this  M^edal,  which  in  the  terras  of  the  Bequest  is 
to  be  awarded  **  as  an  acknowledgment  of  eminent  services  in  any  department  of 
Geology,**  for  we  acknowledge  your  services  in  all  departments  of  that  science. 

Professor  Gregory  replied  as  follows  : — 

Mr.  President, — It  is  impossible  adequately  to  express  my  thanks  to  the  Council 
for  the  honour  of  this  award,  and  to  you,  Sir,  for  the  ver)*  kind  words  with  which 
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TOO  hare  presented  it.  Xy  onlj  regret  in  cooaeetkm  wifli  tliii  Vadil  ii  Ait,  owing 
to  TOUT  man  J  jeus  of  devoted  seiriee  to  the  Sodetj  is  iti  Seoetuj,  jonr  name  doea 
not  appear  on  the  roll  of  mj  predeoeaeoTB. 

The  Ust  of  mjoontrihotions  to  seoUwical  litentue  incfaideB  a  somewhat  wide  m^KV 
of  rabjectfl,  to  which  jon  have  mened  vcrj  Undly,  although  tfa^  maj  apfiear  sad^ 
ducomiected.  Of  eoone.  ereir  geologist  who  is  not  master  of  his  own  time  most 
derote  most  of  his  energies  to  work  not  of  his  own  seleeting.  He  most  do  what  he 
should,  and  not  what  he  would.  I  owe  it  to  the  sympathetic  oonsideratiaii  with  which 
the  senior  officials  of  the  British  Mnseum  treat  their  assistants,  that  much  of  my 
work  when  I  was  on  its  staff  had  as  dose  a  beuring  as  it  had  upon  the  moUems  in 
which  I  hare  been  most  deeply  intererted.  Mt  attention  was  fhst  directed  to  geologr 
in  order  to  understand  the  geography  of  tiie  cQstrietB  through  whidi  I  rambled,  ana 
the  often  apparently  erratic  course  of  the  rirers.  The  bent  that  led  me  into  geology, 
in  order  to  understand  local  topography,  subsequently  roused  my  e^edal  interest  m 
the  existing  pbin  of  the  Earth.  That  interest  has  caused  me  to  spend  so  mueh  of 
my  vacations  collecting  evidence  in  the  *  back-blocks '  of  the  Earth,  that  I  hare  not 
yet  had  sufficient  opportunitr  to  woii^  out  the  results.  This  award  will  justify  an 
attempt  to  secure  more  time  for  this  work.  One  of  the  faTOurite  proverbs  of  one  of 
my  old  Zanzibar  oorten  was  *■  Whither  good  things  go,  thence  good  things  should 
return.'  The  woros  of  Bigsby's  will  show  that  this  maxim  inspiiw  his  bequest ;  and 
I  am  bound  to  make  as  good'a  return  to  our  science  as  I  can  for  this  Talued  Medal, 
and  for  the  good  wishes  and  cheering  confidence  which  it  betokens. 

In  presenting  the  Balanoe  of  the  Proceeds  of  the  WoUaston 
Donation-Fund  to  Mr.  Henry  Howe  Amold-Bemrose,  M.A.,  the 
President  addressed  him  as  follows : — 

Mr.  Arnold- Bemrose,— The  Council  have  awarded  the  BaUmoe  of  the  Proceeds  of 
the  WoUaston  Donation- Fund  to  you,  as  an  acknowledgment  of  the  value  of  voar 
investigations  among  the  igneous  and  other  rocks  and  the  cave-deposits  of  Derbyshire. 

In  tbe  intervals  of  a  busv  life  you  have  done  much  to  add  to  our  knowledge  of  the 
geologv  of  that  county,  and  have  also  generously  placed  vour  services  at  the  dii^>osal 
of  geofogists  visiting  the  dinirict.  We  look  forward  witn  confidence  to  further  work 
from  your  jien,  and  hope  that  you  will  receive  this  award  as  an  encouragement  to  you 
in  carrvin^  on  vour  labours. 

The  President  then  presented  the  Balanoe  of  the  Proceeds  of  the 
Murchison  Geological  Fund  to  Mr.  Herbert  Lister  Bowman,  M.A., 
addressing  him  in  the  following  words  : — 

Mr.  Bowman, — There  appcured  at  one  time  to  be  some  danger  that  Mineraloey 
mi<^ht  he  divorced  from  Geolo^.  This  Society  has  never  ceased  to  recognize  tne 
relationHhiT)  of  the  two  sciences,  and  the  Council  acknowledge  it  on  this  occasion  by 
awnnliiij^  the  Balance  of  the  Proceeds  of  the  Murchison  Geological  Fund  to  you,  who 
arc  pursuing  the  study  of  the  former  science.  The  Council  moreover  hope  that  this 
Hwunl  may  encourage  you  to  prosecute  further  those  researches  in  wmch  you  are 
aln.'ady  so  far  advanced, — researches  in  a  science  the  study  of  which  has  received  so 
great  un  impetus  in  your  University  by  the  labours  of  the  distinguished  occupant  of 
the  WajTiflete  Chair  of  Mineralogy. 

The  President  then  presented  a  moiety  of  the  Balanoe  of  the 
Proceeds  of  the  Lyell  Geological  Fund  to  Mr.  Edward  Alexander 
Newell  Arber,  M.A.,  addressing  him  as  follows : — 

Mr.  Arber, — The  Council  have  awarded  a  moiety  of  the  Balance  of  the  Proceeds 
of  the  Lyell  Geological  Fund  to  you,  in  recognition' of  your  valuable  contributions  to 
our  knowledge  of  raheobotany. 

In  fiddition  t^)  the  papers  which  you  have  contributed  to  this  Society,  I  would 
snecinlly  refer  to  the  paper  on  **Tho  Fossil  Flora  of  the  Culm-Measures  of  North- 
W(»Ht  J)evon,"  ])rinted  m  the  Philosophio>al  Transactions  of  the  Royal  Society. 

I  hope  that  you  will  regard  this  award  as  an  encouragement  to  further  work.  Let 
mo  assure  vou  of  the  pleasure  which  it  gives  me  to  hand  it  to  a  former  pupil  and 
present  colleague. 
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In  presenting  the  other  moiety  of  the  Balance  of  the  Proceeds  of 
"♦he  Lyell  Geological  Fund  to  Mr.  Walcot  Gibson,  B.Sc,  the 
President  addressed  him  as  follows  : — 

Mr.  Walcot  Gibson, — A  moiety  of  the  Balance  of  the  Proceeds  of  the  Lyell  Greo- 
logical  Fand  is  awarded  to  you  as  an  acknowledgment  of  the  valuable  work  done  by 
yon  among  tiie  Carboniferous  and  other  strata  of  the  Midland  counties,  as  well  as 
vnong  the  auriferous  and  associated  rocks  of  South  Africa,  and  as  an  encouragement 
to  farther  research. 

While  pursuing  your  calling  as  a  Geological  Surveyor,  you  have  been  ever  on  the 
4i]fert  to  utilize  what  has  been  watten  concerning  the  rocks  which  you  mapped,  and 
also  to  record  your  own  observations,  with  results  beneficial  alike  to  the  Survey  and 
to  the  flcienoe. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 

giving  first  of  all  obituary  notices  of  several  Fellows  deceased  since 

the  last  annual  meeting,  including  General  0.  A.  McMahon  (elected 

a  Fellow  in  1878),  Sir  Clement  Le  Neve  Foster  (el.  1863),  Mr.  P. 

fiutley  (el.  1870),  Mr.  R.  F.  Tomes  (el.  1877),  Mr.  R.  H.  Valpy 

<eL  1862),  Mr.  W.  Ferguson  (el.  1854),  the  Rev.  H.  Brass  (el.  1857), 

Dr.  C.  Ricketts  (el.  1867),  Mr.  T.  W.  Shore  (el.  1878),  the  Rev. 

K.  P.  Gumey  (el.  1877),  Mr.  F.  McClean  (el.  1863),  Dr.  I.  Robert* 

<el.  1870),  and  Mr.  R.  M.  Browne   (el.  1867) ;  also  of  Professor 

:F.  Fouqu6  (el.  For.  Memb.  1889)  and  of  Dr.  0.  E.  Beecher  (el.  For. 

X^OTT.  1899). 

He  then  proceeded  to  call  attention  to  the  Classification  of  the 
^Sedimentary  Rocks,  pointing  out  that  the  arrangement  of  the  events 
Avhich,  taken  together,  constitute  Earth-history,  according  to  their 
proper  sequence  in  time  must  ever  remain  the  territory  of  the 
^ologist  in  which  he  will  pursue  his  labours  by  exclusively 
geological  methods. 

He  pointed  out  that,  since  the  time  of  William  Smith,  and  mainly 
by  the  adoption  of  his  principles,  the  classification  of  the  strata  had 
progressed  towards  perfection  by  the  method  of  successive  approxi- 
mations. 

He  drew  attention  to  the  many  similarities  between  the  records 
of  the  geological  column  and  the  records  preserved  in  the  *  meteoro- 
grams'  of  meteorologistn.  In  each  case  the  records  were  impressed 
as  zigzag  and  broken  lines,  though  an  additional  difficulty  occurred 
in  the  case  of  the  geological  records  owing  to  their  frequently 
blurred  nature. 

Further,  the  meteorologist  had  his  chronometer,  whereas  the 
geologist  must  construct  liis  time-scale  from  the  records  on  what 
might,  for  purposes  of  comparison,  be  referred  to  as  the  'geograms,' 
or  strips  of  the  geological  sediments.  In  Home  cases  the  lines  of 
the  geograms  closely  coincided  with  time-lines,  in  other  cases  they 
departed  therefrom  more  or  less  widely,  and  it  was  one  of  the  tasks 
of  the  geologists,  from  study  of  the  geograms,  to  attempt  to  draw  in 
the  time-lines. 

It  was  to  be  remembered,  however,  that  however  closely  the  time- 
lines and  lines  of  the  records  coincided,  they  were  not  the  same  lines. 
The  President  drew  attention  to  the  principal  variations  in  the 
•records  of  the  geograms,  due  to  alternate  formation  and  oft^aalvow  qC 


186    ReporU  and  Proceedings — Qeologieal  Society  qfLondma. 

deposit;  to  the  differences  in  character  of  the  depoeita  owing  to 
various  local  conditions  ;  to  accumulation  of  contemporaneous' 
▼olcanic  material;  to  variations  in  the  nature  of  the  earth-move* 
ments ;  to  changes  in  the  nature  of  the  included  organisms ;  and 
lastly  to  climatic  changes,  and  proceeded  to  consider  the  significance 
of  these  records  as  hearing  upon  the  classification  of  the  sediments. 

He  advocated  the  adoption  of  a  triple  classification,  such  as  had 
heeu  already  tacitly  adopted  in  the  case  of  some  of  the  sediments, 
as,  for  instance,  those  of  Jurassic  age,  y^'®'^  divisions  were  made- 
accordiDg  to  (i)  lithological  change,  (ii)  organic  change,  and 
(iii)  time ;  aud  pointed  out  how  such  a  classification  could  he  adopted 
without  any  violent  changes  in  an  existing  nomenclature  or  in  the 
rules  of  priority. 

He  illustrated  the  suggested  changes  hy  a  more  detailed  discussion 
of  the  classificatiou  of  tlie  Ordoviciau  btrata,  and  pointed  out  that  we 
had  names  which  might  he  used  vrith  chronological  significance  in 
the  case  of  the  divisions  of  the  rocks  of  most  of  the  great  systems ; 
and  maintained  that,  as  our  knowledge  increased,  we  could  refer 
beds  of  new  areas  to  their  places  among  the  different  series  marking 
periods  of  time  with  a  confidence  similar  to  that  with  which  we 
have  long  assigned  strata  of  remote  regions  to  one  or  other  of  the 
great  systems. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  followisgwere  declared 
duly  eletU*d  for  the  ensuin;;  vt*ar : — Coutteil :  F.  A.  Bather,  M.A.,  D.Sc. ;  W.  T. 
Blanford,  C.I.E.,  LL.D.,  F.&.S. ;  Profttwor  T.  O.  Bonnev,  ScD.,  LL.D.,  F.B.S., 
F.S.A. :  Sir  John  Evans,  K.C.B.,  D.C.L..  LL.D.,  F.R.S.  ;  Professor  E.  J. 
Garwood.  M.A. :  Sir  Archibald  Gcikie,  Sc.D.,  D.C.L.,  LL.D.,  8ec.B.S. :  R.  S. 
Ilerries,  M.A. ;  lVolej»4>r  J.  W.  Judd,  C.B.,  LL.D.,  V.P.R.S. ;  Professor  Percy  F. 
Kendall:  Pliilip  Luke,  M.A. ;  Professor  Charles  I^nworth,  M.Sc.,  LL.D.,  F.R.S. ; 
Kichanl  Lvdtkker,  B.A.,  F.R.S.  :  Bedford  McNeill.  Assoc.  R.S.M. ;  J.  E.  Marr, 
Sc.D.,  F.li.S.  ;  Proiesi^or  IL  A.  Miers,  M.A.,  F.R.S. ;  H.  W.Monckton,  F.L.S. ; 
F.  W.  Rudler,  I.S.O.  ;  L.  J.  SjKfueer,  M.A. ;  Aubrev  Strahan,  M.A.,  F.R.S. ; 
C.  Fox  Stranf,'wav9 ;  Professor  W.  W.  Watts,  M.A.,  il.Sc.,  F.R.S.;  the  Rev. 
H.  II.  Winwood,  M.A. ;  and  II.  B.  Woodward,  F.R.S. 

Offictn  :— rret.\dent :  J.  E.  Marr,  Sc.D.,  F.R.S.  Vice-PretidentM  :  Professor 
T.  G.  Bonnev,  Sc.D.,  LL.D.,  F.R.S.,  F.S.A.  ;  R.  S.  Henries,  M.A. ;  Professor 
Charles  l^apworth,  M.Sc,  LL.D.,  F.R.S. ;  and  H.  B.Woodward,  F.R.S.  SeereUnHrg: 
Professor  E.  J.  Garwood,  M.A.,  and  Professor  W.W.  Watts,  M.A.,  M.Sc.,  F.R.S. 
Foreign  Secretary  :  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S. 
Treasurer :  W.  T.  Blanlord,  CLE.,  LL.D.,  F.R.S. 


II.— February  22ncl,  1905.— J.  E.  Marr,  So.D.,  F.R.S.,  President, 

in  the  Chair. 
Dr.  F.  A.  Bather  exhibited  a  series  of  Danish  rocks  ^  illostrating : 

(1)  The  share  that  Echinoderms  may  take  in  rock-building; 

(2)  The  transition  I'rom  the  Secondary  to  the  Tertiary  Era  in 

the  Baltic  basin  near  Denmark ; 

(3)  The  special  conditions  at  the  close  of  the  Glacial  Period,  in 

the  limited  area  where  alone  these  rocks  are  now  found 
as  erratic  blocks. 

*  The  rocks  have  been  described  in  papers  by  K.  A.  Gronwall :  Danmarks  geol. 
Undersog.  II,  Ra»kke,  No.  15  ;  Medd.  Dansk  geol.  Foren.,  vol.  x,  p.  1 ;  and  Jahrb. 
Preuwj.  geol.  Landesanst.,  vol.  xxiv,  p.  420— all  in  1904.  Also  by  W.  Deecke, 
Mjtth.  naturwissench.  Ver.  Neuvorpommem,  vol.  xxxi  (1899),  p.  67. 
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The  speoimens  comprised : —  (a)  Fragment  of  a  boulder  from  the 
Aee  Harbour  of  Oopenhagen,  oonsiating  of  rook  from  the  zone  of 
Crma  iwbereulata,  and  containing  many  unrolled  eohinoderm- 
Pigments;  it  appears  to  have  been  formed  in  shallow  water; 
(h)  fragment  of  a  boulder  from  Langeland,  consisting  of  rook 
of  Palfldooene  age,  and  containing  rolled  fragments  of  Oretaoeou» 
ediinoderms  with  shells  of  Tertiary  molluscs  ;  (e)  fragment  of 
a  nmilar  boulder,  showing  signs  of  further  detrition ;  (d)  fragment 
of  a  boulder  from  the  island  of  Biigen,  with  eohinoderm  fragments 
bUII  more  rolled.  All  these  rocks  appear,  from  the  distribution  of 
the  boulders,  to  have  been  deposited  in  a  basin  of  the  Baltic 
^tween  Scania  and  the  islands  of  Biigen  and  Bomholm,  where  the 
l^alaBooene  sea  was  shallower  than  on  the  west  of  Denmark. 

The  following  communications  were  read  : — 

1.  "On  the  Order  of  Succession  of  the  Manx  Slates  in  their 
'N'oiihem  Half,  and  its  Bearing  on  the  Origin  of  the  Sohistoso 
^reocia  associated  therewith."  By  the  Bev.  John  Frederick  Blake, 
^A.,  F.G.8. 

The  author  first  describes  a  section  where  the  Barrule  Slate,  the 
^naefell  Laminated  Slate,  and  the  Agneash  Grit  follow  in 
descending  order,  dipping  north-westward.  The  last-named  i» 
^^larkedly  laminated.  The  ascending  series,  by  dip,  is  again  repeated 
^fter  a  fault,  and  at  Tholt-y-will  the  Schistose  Breccia  appears  near 
^r  at  the  top.  The  best  sections  of  the  latter  for  stratigraphy  are  in 
^len  Auldyn  and  Snlby  Olen.  The  Schistose  Breccia  is  therefore 
%tken  as  an  additional  upper  member  of  the  series. 

General  DistrihUion  of  the  Manx  Slates, — The  Agneash  Orit  in 
liaughold  Head  is  nearly  vertical,  and  is  followed  by  the  Snaefell 
Laminated  Slates,  llie  height  to  which  the  Barrule  Slates  attain 
diminishes  from  east  to  west  The  Schistose  Breccia  depends  on  the 
presence  of  those  slates  ;  its  occurrence  is  noted  in  four  areas  to  the 
west  of  the  Barrule  Slates,  which  are  repeated  by  faults. 

The  position  of  the  Lonan  and  Niarbyl  Flags  is  indicated  by  two 
colours  on  the  map.  The  Lonan  Flags,  etc.,  are  never  seen  under- 
lying the  Manx  Slates,  but  they  overlie  the  earlier  Manx  Slates  in 
the  lower  country  near  Maughold,  near  Sulby  Olen,  and  north  of 
Peel.     They  may,  therefore,  be  called  the  Sulby  Glen  Series. 

Characters  and  Origin  of  the  Schistose  Breccia, — Professor  C.  K. 
Van  Hise  gives  three  criteria  for  autoclastic  rocks,  with  none  of 
which  do  the  Schistose  Breccias  agree,  namely,  the  fragments  of  an 
autoclastic  rock  must  be  derived  from  the  adjacent  material ; 
whether  they  be  below  or  above  ;  and  the  rock  itself  may  be  traced 
into  an  ordinary  brecciated  rock.  The  fragments  examined  do  not 
agree  with  this  statement  The  rooks  are  not  truly  conglomeratic — 
some  are  too  soft,  or  others  too  hard. 

Examples  at  Ballaneary  and  elsewhere  occur,  of  true  autoclastic 
rocks,  showing  contrast. 

2.  "On  the  Wash-outs  in  the  IMiddle  Coal-measures  of  South 
Yorkshire."     By  Francis  Edward  Middleton,  F.G.S. 
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In  the  neigfabourhood  of  Aldwarke  Mid  Thryl>eif;li  extensive 
workings  have  proved  that  wesh-oats  have  oooarred  at  variooe 
horiaons  in  the  Middle  and  Lower  Ooal-measoret,  and  the  limits  of 
oertain  of  these  have  been  aoeurately  laid  down  on  plans. 

Denudation  in  the  Bamsley  Sera  has  been  found  over  an  area 
1.700  yards  in  length  from  east  to  west»  and  in  the  Parkgate  Seam 
(240  yards  below)  over  an  area  2,600  yards  long  from  north  to 
eouth.  In  neither  oase  was  the  wash-out  completely  crossed,  but 
its  width  cannot  be  less  than  600  yards.  The  Swallow- Wood  Seam, 
lying  60  yards  below  the  Bamsley  and  above  the  Parkgate  Seam, 
bos  been  partly  worked  under  the  same  area;  but  no  signs  of 
a  wash-ont  have  been  found. 

The  opinion  of  the  author  is  that  the  wash-outs  oooupy  the  sites  of 
winding  streams,  meandering  through  the  alluvial  traota  in  whidi 
the  coal-seams  were  being  formed. 


FIVE  THEORIES  OF  THE  DEVON  SCHISTS. 

Sib, — Your  reviewer  has  perhaps  been  unduly,  and  doubtless 
unintentionally,  severe  on  the  whole  army  of  martyrs  who  have 
eaorifioed  themselves  on  the  altar  of  the  Devonshire  schists  during 
liie  past  sixty -eight  years.  He  hopes  that  mere  hypothesis  will 
tuKin  give  way  to  a  more  reasonable  and  probable  interpretation  of 
I  lie  facts.  But,  in  truth,  there  has  been  but  little  hypothesis ;  though 
>^«)  undoubtedly  have  several  elaborate  theories,  based  on  evidence 
much  of  which  has  seemed  to  eminent  men  worth  consideration.  We 
have  had,  for  instanoe,  the  following  distinct  lines  of  argument : — 

1.  The  schists  are  Upper  Devonian,  based  on  a  certain  interpre- 
tation of  the  anticline  at  Mudstone  Bay,  near  Berry  Head,  and  other 
stratigraphical  facts. 

2.  The  schists  are  Archsean,  based  on  elaborate  microscopical 
observations  backed  by  great  experience. 

3.  The  schists  are  Devonian,  based  on  a  comparison  of  the  slates, 
sandstones,  and  volcanic  rocks  between  Scabbacombe  Sands  and 
Stoke  Fleming  with  the  schists  between  Hall  Sands  and  the  Prawle 
Point. 

4.  The  Start  schists  are  Lower  Devonian,  based  on  a  comparison 
of  the  microscopical  composition,  character,  and  fineness  of  grain  of 
the  quartz-schists  with  those  of  the  Lower  Devonian  thin-bedded 
sandstones. 

5.  The  schiHts  are  older  than  Devonian,  but  not  necessarily 
Archaean.  The  positive  arguments  in  favour  of  this  view  I  do  not 
fully  grasp. 

Curiously  enough,  the  authors  of  the  Memoir,  in  their  list  of 
literature,  have  missed  a  most  important  paper,  viz.  '*The  Meta- 
morphosis of  the  Rocks  extending  from  Hope  Cove  to  Start  Bay," 
by  W.  Pengelly,  P.li.S.  (Trans.  Dev.  Assoc,  1879).  This  paper  is 
very  important  as  a  summary  of  the  current  opinions  then  held  by 
geologists.     The  Upper  Devonian  age  of  the  schists  was  treated  as 
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an  almost  trustworthy  workiug  hypothesis  from  which  to  deduce 
the  '  era  of  transformation/ 

No  doubt  the  earlier  geologists  misinterpreted  the  stratigraphy 
of  South  DeTon»  and  therefore  their  theory  broke  down ;  but  it  was 
a  very  elaborately  argued  theory,  and  was  by  no  means  a  hypothesis. 

The  Arohsdan  doctrine  of  the  schists  is  also  a  true  theory,  based  on 
innumerable  observations. 

Mr.  Somervail's  yiew  (No.  3)  inferred  the  contemporaneity  of 
the  sdiists  with  the  Scabbacombe  -  Stoke  Fleming  rocks;  but  the 
^e  of  the  schists  will  follow  the  age  determined  for  the  said  rooks. 
'niere  is  nothing  approaching  a  hypothesis  in  the  argument. 

Ko.  4,  for  which  I  am  responsible,  is  based  on  a  study  of  sediments,. 
and  is  independent  of  both  petrology  and  stratigraphy.  It  was  at 
first  based  on  a  comparison  of  two  specimens  of  thin-bedded  sand- 
stones with  a  specimen  of  a  quartz-schist  west  of  the  Start.  I  first 
advanced  it  in  a  paper  to  the  British  Association  in  1891 ;  oontending 
that  the  sandstone  being  Devonian  the  schist  was  Devonian  too. 
This,  however,  committed  me  to  it  being  also  Lower  Devonian. 

In  its  then  early  stage  this  view  was  no  more  than  a  working 
hypothesis,  advanced  before  the  Survey  attacked  the  schist  district 
on  its  own  account.  It  was  a  friendly  challenge  to  my  friends  to 
upset  me  if  they  could.  But,  strange  to  say,  they  never  succeeded 
in  doing  so,  neither  stratigraphically  nor  petrol ogioally.  My  view 
has  now  attained  the  unexpected  dignity  of  a  theory,  and  has  actually 
survived  fifteen  years'  hostile  criticism,  and  the  accumulation  of  an 
immense  mass  of  fresh  information.  However,  it  was  never  a  mere 
hypothesis,  as  the  facts,  though  few.  were  undoubted. 

Until  the  publication  of  the  Memoir  there  was  one  very  weak 
spot  in  my  armour.  I  had  entirely  failed  to  trace  the  albite  granules 
of  the  schists  into  the  Devonian  rocks.  Now  that  the  quartz-felspar 
veins,  abundant  in  both  serieH,  have  been  proved  to  be  quartz-albite, 
that  missing  link  is  unexpectedly  connected. 

The  view  No.  5  was  first  advanced  by  Mr.  Hudleston,  F.R.S.,  in 
his  address  to  the  Devon  Association,  and  has  since  been  adopted  by 
Mr.  Lowe,  F.G.S.,  and  is  apparently  accepted  by  your  reviewer.  It 
is  equally  subversive  of  all  the  others,  whether  based  on  petrology, 
stratigraphy,  or  sediments.  My  contention  that  Nature  will  never 
exactly  reproduce  in  the  same  spot  Archaean  conditions  in  Devonian 
timee,  is  almost  equally  cogent  against  her  reproducing  Cambrian  or 
Silurian  conditions.  As  my  argument  is  that  the  rocks  in  question 
(the  quartz-schists)  are  Lower  Devonian,  and  is  not  that  these  rooks 
aie  not  ArchsBan,  Cambrian,  or  Silurian,  any  of  these  latter  alterna- 
tives is  equally  fatal  to  theory  No.  4.  Were  I  to  be  ousted  from 
No.  4  I  should  return  to  my  former  allegiance  to  Professor  Bonney. 
However,  during  the  past  fifteen  years  I  have  not  been  favoured 
with  a  scrap  of  evidence  against  my  Devonian  theory  from  the 
sediment  point  of  view,  and,  so  far  as  I  can  ascertain,  there  is  no 
petrological  or  stratigraphical  fact  in  hopeless  conflict  with  it. 

There  is  one  point  I  may  perhaps  mention.  Although  the  Torcrons 
volcanic  rooks  are  very   inconsiderable,  the   ScabbacomV^^-^Vc^V^ 
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Floning  rodu  are  -wmrj  importaBt*  bodi  ob  Aon  and  it  an.  Hie 
ialeU  of  the  Mewitooe,  Eerton  BleckHone.  and  Weatoni  Bladutone 
are  all  Ti^oanieu  Hie  Mewitoiie,  widi  ifa  aovtkem  maaa  of  diabase 
abattini^  oo  ito  northeni  Tertieal  alaiea,  ia  aa  like  the  gieeii '  aeiiiat  *  and 
mica-adiiai  at  the  Start  aa  a  imw  eg;^  ia  to  a  hoOed  ooe ;  and  I  fally 
belieTQ  their  relatioiia  are  Teij  aimilar  tiieieto.  A.  B.  Hninr. 

CATITIBS  IX  CETSTALUXS  BOCKS. 

Sn, — ^I  notice  in  the  Febrvary  number  of  the  Obou>gtcal 
MAGAznrs  a  letter  from  Profeaaor  Bonney  on  the  aobject  of  atmo- 
apherically  eroded  rocks.  In  thia  connection  it  may  be  of  interest  to 
pat  on  record  the  fact  that  hoDowed  iocka»  apparently  qnite  like 
those  described  by  Mr.  Tockett,  Professor  Bonney,  and  the  Bev.  B. 
Baron,  were  met  with  under  totally  difEarent  atmospheric  conditions 
in  the  Antarctic.  The  examples  there  alao  occor  in  granite.  They 
are  found  at  an  altitude  of  about  4,000  feet  in  latitude  TP  W  S., 
longitude  163^  £.,  in  South  Victoria  Land,  and  at  least  two  types 
may  be  distinguished. 

A.  In  fairly  normal  granite.  The  rod:  is  a  Tory  ordinary  grey 
to  pink  granite  with  felspars  usually  about  a  quarter  of  an  inch  long ; 
it  appears  to  be  quite  fresh  even  on  the  surface,  and  has  a  marked 
supei^cial  glaze  on  both  convex  and  concave  sur&ces.  The  most 
striking  cayity  is  on  the  south  and  weather  side  of  a  large  block,  and 
therefore  faces  away  from  the  sun ;  it  is  about  eighteen  inches  across 


Fio.  I . — A  large  block  of  granite  showing  cavity  on  the  sooth  and  weather  side ; 
18  inches  across  at  opening,  diameter  increasing  to  2  feet  inwards ;  depth  of 
cavity  more  than  a  foot. 

at  the  opening,  and  the  diameter  increases  inwards  to  at  least 
two  feet  The  depth  of  the  cavity  is  a  little  more  than  a  foot,  and 
the  back  wall  is  partially  covered  with  a  hard  mammillated  or 
botryoidal  crust,  the  surface  of  which  is  white  and  harsh  to  the 
touch.  Pieces  of  this  were  brought  home,  and  some  of  these 
Mr.  Prior  has  kindly  analysed  for  me:  he  says,  'Hhe  incrustation 
consists  mainly  of  carbonate  of  lime;  there  is  a  little  silica  left 
behind  on  solution  in  hydrochloric  acid."  The  incrustation  was 
lamellar,  scarcely  more  than  one-eighth  of  an  inch  thick  on  the 
average,  but  in  the  projecting  botryoids,  which  are  sometimes 
partially  hollow,  may  be  more.  The  incrustation  was  firmly  fixed 
to  the  granite  face,  and  it  was  impossible  to  make  out  wheUier  the 
surface  beneath  it  was  or  was  not  glazed. 
B.  In  a  very  coarse  granite  with  abundant  large  crystals  of 
ortboolase.     The  hollowed  blocks  ate  TQ\m^<^,  W\.  q^ul^  to  the 
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rapid  disintegration  which  the  surfaoe  is  undergoing  it  is  roughened 
nther  than  glazed.  The  largest  oavity  is  in  a  blook  6  by  4  by 
4  feet,  wh^ch  is  hollowed  almost  to  a  shell.  The  cavity  is  four  feet 
long,  three  feet  deep,  and  two  feet  high,  and  has  four  apertures 
varying  from  a  foot  to  eighteen  inches  in  diameter,  and  corresponding 


Fig.  2. — Gavi^  in  a  block  of  very  coarse  granite,  6x4x4  feet.  The  cavity  is  4  feet 
long,  3  leet  deep,  and  2  feet  high,  and  has  four  apertures  Tarying  from  a  foot 
to  18  inches  in  diameter,  one  on  each  side  of  hlock. 

in  position  to  the  centre  points  of  the  four  sides  of  the  original 
Uook.  The  lip  of  the  apertures  is  exceedingly  sharp,  and  the  solid 
angle  is  certainly  not  greater  than  30^.  No  incrustation  was  seen 
on  the  walls  of  this  cavity,  but  on  the  floor  is  a  sprinkling  of  the 
finer  disintegration  products  of  the  granite  which  abundantly  litter 
the  surrounding  area. 

From  this  brief  description  it  will  be  seen  that  the  former  type  of 
Antarctic  granite  cavities  closely  resembles  in  shape  and  in  superficial 
glaze  the  cavities  described  in  Corsica  and  in  Madagascar.  As  in 
Corsica,  many  saucer-like  depressions  and  a  few  potholes  were 
observed,  and  seem  to  mark  stages  in  the  development  of  the  com- 
pleted cavities.  Internal  incrustations  do  not  seem  to  be  recorded, 
bat  Mr.  Baron  mentions  a  '*  white  powder  alkaline  to  the  taste  "  as 
occurring  in  the  hollowed  blocks  of  Madagascar. 

SiDXBT   SrSSBX  COLLBOB,    CAMBRIDGE.  H.    T.    FfiBBAB. 

February  \%th,  1905. 

THE  PROSPECTORS'  PAN. 

Sib, — May  I  be  allowed  to  point  out  the  advantages  to  be  derived 
by  the  use  of  the  prospector's  pan  as  an  aid  to  research  in  geology  ? 
Everyone  interested  in  the  subject  is,  of  course,  aware  that  minerals 
of  economic  importance  may  be  traced  to  their  original  sites  by 
successive  pannings  taken  from  the  alluvium  of  a  stream  at  points 
successively  nearer  to  the  source,  due  attention  being  paid  to  the 
incoming  of  tributaries ;  but  the  method  is  not  in  common  use  by 
the  geologist 

The  gold  pan  treats  some  25  lbs.  of  medium  gravel,  containing 
small  boulders,  at  one  time,  and  the  operation  of  panning  can  of 
course  be  stopped  at  any  stage  desired  so  as  to  include  or  exclude 
such  minerals  as  tourmaline  and  hornblende.  I  would  suggest 
that  for  investigations  into  the  mineralogical  composition  of  glacial 
deposits  and  the  more  compacted  sediments  this  method  of  ^^xsmtk!^ 
might  be  tried.    In  dealing  with  a  bard  rook,  poundviig  Vn  o^  xsiqxXax 


VJi  OUmmrf     Jmrnimk  S^mif,  F,6.& 


iw&iu,  aapJ  dcibis  with  kijgcr  qwntiw  tl^  ue  ooBTenicnt  bj  moi 
RffiiM^  meAttiw 

Pan  eofi€Hitnr«  d«ni-cd  froai  mit  given  cijMiIliBe  rock  beoon: 
nrndUj  Koogiuuble  af&er  a  tiiort  tune,  and  in  forested  ooantnr,  wbei 
little  or  DO  rock  it  Tiable,  ftjB^^rd  a  Tminable  gnide  in  roogb  mapping 
That,  as  leatt,  ia  idt  experience  in  Sootbem  Xigeria. 

Cala^jlm^  W.c.a.  Jobs  Parkixsox. 
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JEREMIAH   SLADE,    F.G.S. 
B-^iLN  J-.LY  :>.  ly2>.  Dud  Makch  9.  lyOo. 

It  ifl  with  mach  regret  that  we  record  the  death,  at  the  age  of  7( 
of  Mr.  J.  Slade.  Although  not  known  to  scientific  workers  b 
pabliBhed  researches  he  had  for  half  a  centurr  been  a  strenuou 
teacher  and  a  helper  to  others  Brought  up  to  the  business  c 
a  ooachbnilder  in  St.  John  Street  Boad.  London,  he  was  enable 
comparatively  earlj  in  life  to  retire,  and  devote  his  whole  attentio; 
to  natural  hibtory.  While  resident  in  the  north  of  London  be  wa 
a  supporter  of  the  once  flourishing  Literary  and  Philosophica 
Institution  in  Isliugton.  and  a  frequent  attendant  at  Dr.  Bowerbank* 
''3Ionday  Evenings  at  home**  in  Highbury  Grove.  He  was  earl; 
conuectefl  with  the  Working  Men's  College  in  Great  Ormond  Street 
and  it  was  at  that  institution  in  1858  that  the  formation  of  th 
GeologihtK*  Ahbociatiou  was  first  discussed.  Among  those  who  tool 
part  in  the  provii^ional  committee  and  who  became  founders  of  th 
Association  were  the  Rev.  T.  Wiltshire,  Mr.  George  Potter,  Mr.  Toulmii 
Smith,  Mr.  E.  (Veny,  Mr.  W.  Hislop,  Mr.  J.  E.  Wakefield,  Mr.  G.  S 
Peiihoij,  and  Mr.  J.  Slade.  In  186f>  Mr.  Slade  assisted  in  tli< 
formation  of  the  North  London  Naturalists*  Club,  the  earliest  field 
club  devoted  to  the  btiuly  of  natnral  history  in  the  neighbourboix 
of  London,  and  of  which  lie  wab  chosen  Secretary.  For  twentj 
years  (1 865-85 j  he  was  a  teacher  of  geology,  mineralogy,  zoologj" 
and  l>otHny  at  the  Working  Men's  College,  the  Birkbeck  Institution 
and  the  City  of  London  College.  During  this  period,  from  1870  to  1875 
ho  studied  at  the  Koyal  School  of  Mines.  He  was  an  active  niembe 
of  the  Quekett  Microscopical  Club,  and  he  became  a  Fellow  of  th< 
Geological  Society  in  1874.  A  constant  attendant  at  the  excursion 
of  the  Geologists'  Association,  his  extensive  and  accurate  informatioi 
on  many  Huhjects,  and  Ins  knowledge  of  plants  especially,  were  eve 
clief^rfnlly  and  unostentatiously  communicated  to  inquiring  students 
Tlic  only  printed  paper  contributed  by  him  to  the  Associatioi 
was  entitled  **  Notes  on  the  Microscopic  Structure  of  the  Basal 
of  Swallow  (yliflf  and  Uphiil  '*  (Proc.  Geol.  Assoc,  vol.  vii,  1881 
j)p.  112,  llfi).  His  services  lo  hcieiice  are  not  recorded  on  paper 
l)nt  they  have  l)orne  good  fruit  and  will  long  be  remembered  1») 
/i  circ]e  of  friends  whose  love  of  Nature  has  been  inspired  ant 
cultivnteil  by  his  disinterested  \a\)o\itft.  H.  B.  W. 
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Plsistoosnb  Mammalian  Bkmains. 
By  DoBOTRBA  M.  A.  Batb. 

(PLATES  IX  AND  X.) 

rB  gedkM^oal  map  of  Crete  shows  that  a  large  portion  of  the 
ilUuid  18  composed  of  ancient  limestone,  in  itself  almost 
ikgoanatee  of  the  presence  of  Pleistocene  cave  deposits.  In  oon- 
ftniifti<m  of  this,  Admiral  Spratt  in  his  most  valuahle  work*  mentionid 
^nAmg  two  saoh  deposits,  from  one  of  which  he  obtained  a  few 
mtminalian  remains. 

I  srrited  off  Khania  early  one  morning  in  the  beginning  of 
■mhy  1904.  From  the  sea  the  town  is  piotaresqae,  being  built 
itffnk  to  the  water's  edge  and  almost  encircling  its  tiny  harboor. 
'At  mne  dittanoe  inland  the  Aspro  Yonno  rise  abruptly  in  places,  to 
ii  iMlf^t  of  8,000  feet ;  this  massiye  ridge  forms  the  backbone  of  the 
itwUbtaok  dbfrict,  the  wildest  and  most  nigged  part  of  mountainous 
OlroUl  At  this  time  of  year  the  snow  lies  for  a  considerable  distance 
tililcrir  ihie  topmost  summits,  and  it  is  not  until  months  later  that  it 
Obippattn,  leaying,  as  on  Ida,  a  few  patches  on  sheltered  slopes  and 
la  deep  crorioee,  where  it  remains  the  whole  year  round. 

Bitnq^y  speaking,  Crete  may  be  said  to  consist  of  a  high  and 
iimfapal  Umeetone  ridee,  at  the  foot  of  which  is  a  border  of  fertile 
Ocnmtiy.  In  three  places  this  fertile  zone  extends  across  the  entire 
wldft  of  the  island,  separating  this  backbone  into  four  more  or  les6 
itolaied  masses.  These  are  the  Aspro  Youno  and  the  Mount  Ida 
group,  which  are  more  closely  connected  than  the  other  divisions,  the 
Lassethe  Mountains  and  the  hilly  plateau  of  Sitaea.  It  is  curious 
to  note  that  differences  exist,  both  in  language  and  dress,  between 

^  ''Travels  and  Beeearchee  in  Crete,*'  2  toIi.  ;  London,  1865. 
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the  inhabitants  of  these  several  parts  of  the  island.  The  limestone 
formation  reappears  as  a  somewhat  broken  fringe  along  the  coast- 
line ronnd  almost  the  entire  island.  In  early  days  these  limestone 
mountains  and  hills  existed  as  a  group  of  islands  set  in  a  Neogene 
sea,  represented  nowadays  by  the  low  and  cultivated  areas.^ 

WSBTKBN  CbKTB. 

Khania  being  my  headquarters,  excursions  were  made  to  various 
places  in  the  near  vicinity,  including  Akrotiri,  a  peninsula  of  con- 
siderable size  edged  with  limestone  cliffs,  which  at  its  north-eastern 
extremity  attain  to  a  considerable  height.  This  is  more  especially  the 
case  between  Cape  Tripiti  and  the  village  of  Ehoridakiy  above  which 
rises  a  hill  of  1,745  feet ;  the  cliffs  descend  almost  perpendicularly 
to  the  sea,  and  in  a  few  places  are  pierced  by  narrow,  winding 
gorges.  A  good  deal  of  this  tract  of  country  was  examined  at 
different  times,  and  the  results  will  be  noticed  here. 

The  first  deposit  found  is  believed  to  be  the  one  mentioned  by 
Admiral  Spratt'  between  Khania  and  Suda.  It  lies  close  to  the 
pathway  between  these  two  places,  and  at  the  edge  of  the  limestone 
forming  the  base  of  the  Akrotiri  at  the  point  where  it  joins  the 
fertile  plain  of  Khania,  by  which  it  is  separated  from  the  outlying 
spurs  of  the  Aspro  Youno.  The  limestone  is  very  much  weathered, 
and  only  in  one  spot  is  there  any  roof  above  the  fragmentary 
mammalian  remains  still  to  be  seen.  These  occur  here  and  there 
for  a  distance  of  about  40  yards,  and  appeared  to  consist  chiefly  of 
bones  of  a  ruminant.  Besides  this  some  fragments  of  breccia  were 
obtained  which  contained  bones  and  teeth  of  some  small  rodents  and 
of  a  shrew. 

Baulin,^  quoting  from  Pooocke,  describes  the  ruined  village  of 
Saint  George,  in  the  Akrotiri,  in  which  there  was  a  church  buUt  in 
a  double-chambered  cave  said  to  contain  petrified  bones  "  plus  gros 
qu'a  Tordinaire,"  this  traveller  himself  seeing  some  in  the  softer 
parts  of  the  rook  in  the  outer  chamber.  It  was  a  long  time  before 
this  deserted  village  was  found,  it  being  now  almost  forgotten  by 
the  peasants  of  the  district.  I  was  eventually  guided  to  it  by  a  man 
from  Khoraphakia,  to  whom  it  was  known  as  Galagatho.  It  lies 
concealed  among  the  hills  at  the  back  of  the  ridge  rising  above 
Cape  Tripiti,  and  is  reached  by  an  extremely  rough  path,  which 
most  of  the  way  is  also  the  rocky  bed  of  a  mountain  torrent.  The 
ruins  of  the  chapel  are  still  to  be  seen  ;  though  of  the  inner  cave  of 
which  Pooocke  speaks,  but  did  not  visit,  no  trace  was  observed. 
The  floor  of  the  single  chamber  is  littered  with  dirt  and  rubbish 
owing  to  its  being  occasionally  inhabited  during  the  winter  by 
shepherds  and  their  flocks.  In  spite  of  this  a  few  scattered  frag- 
ments of  teeth  and  horns  of  ruminants  could  be  seen  adhering  to  the 
base  of  the  walls  of  the  cave. 

*  See  Spratt,  op.  cit.,  vol.  ii,  pp.  68-59. 

2  Op.  cit.,  vol.  ii,  p.  196. 

»  ♦•  Descrip.  Physique  de  Pile  de  Crete,"  p.  373  ;  Paris,  1869. 
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A  few  days  after  arriving  in  Crete  I  rode  oat  to  the  monastery 
of  Haghios  Joannes  in  the  hills  beyond  the  rich  and  important 
inonastery  of  Haghia  Triadha.     Thence    I  walked    down    to   the 
fiiined  and  deserted  monastery  of  Eatholiko,  or  Gouvemente,  near 
which  is  a  cave  which  penetrates  the  side  of  the  hill  for  a  con- 
aiderable  distance.    A  visit  was  also  paid  to  the  well-known  Cave  of 
the  Badger,^  situated  between  the  rained  monastery  and  that  of 
fiaghios  Joannes.    This  has  a  tiny  chapel  and  garden  at  its  entrance, 
^kud  consists  of  one  large  roomy  chamber  with  a  lofty  roof.     It  con- 
tains a  remarkable  tank  naturally  enclosed  by   stalagmite  which 
about  eight  or  ten  feet  above  the  floor ;  for  a  great  part  of  the 
this  is  kept  filled  with  delicious  cold  water  which  drips  from 
«  large  stalactite  hanging  from  the  roof.     No  traces  of  an  ossiferous 
deposit  were  found  in  either  of  these  two  caverns,  and  all  enquiries 
^or  others  in  the  district  were  met  by  the  negative,  this  being  all  the 
^nore  unfortunate  as  it  caused  me  to  cease  investigations  in  the 
wamediate  vicinity. 

It  was  not  until  the  middle  of  July  that  I  was  shown  and  bought 
from  a  man  near  Ehania  a  small  elephant  tooth  about  which  he 
^^x>ald,  or  would,  give  no  information,  except  that  it  came  from  the 
Akrotiri.  After  several  fruitless  expeditions  a  villager  interrogated 
«t  Khoridaki  declared  he  knew  of  some  petrified  bones  near  the  sea. 
^Joining  him  a  couple  of  days  later  (the  22nd)  I  was  guided  by  a  lonely 
liill  path  to  Haghios  Joannes,  passing  on  the  way  the  crumbling 
rains  of  an  ancient  monastery.  The  ponies  being  left  in  the  cave 
of  Arkoudhes  we  walked  down  the  hillside  to  Katholiko,  which  is 
^tnated  at  the  head  of  a  precipitous-sided  and  narrow,  winding 
gorge.  From  here  a  scramble  landed  us  in  the  dry  stream-bed 
below,  which  was  followed  to  the  sea.  Then  turning  to  the  left 
along  the  rocks  at  the  foot  of  the  cli£fs  a  spot  was  soon  reached 
vrhere  a  few  fragments  of  bone  were  found  still  adhering  to  the 
much  weathered  rock ;  these  no  doubt  indicate  the  position  of 
a  former  cave  deposit,  but  otherwise  are  of  little  interest. 

Betnming  to  the  mouth  of  the  gorge,  where  my  guide  refreshed 
liimself  at  a  spring  of  mineral  water  much  appreciated  by  the 
natives,  I  was  about  to  retrace  my  steps,  when  a  shepherd  who  had 
lately  joined  us  volunteered  to  show  me  another  deposit  lying  in 
the  opposite  direction.  He  led  us  over  very  rough  ground  towards 
Gape  Maleka,  just  before  reaching  which  we  halted  where  the  rocks 
and  overlying  debris  slope  steeply  down  to  the  sea  from  within 
a  short  distance  of  the  top  of  the  cliffs.  This  proved  to  be  the  site 
of  the  deposit  of  which  I  was  in  search,  and  which  is  only  a  few 
yards  above  the  sea.  No  trace  is  left  of  the  former  cave  walls, 
while  the  ossiferous  deposit  has  been  largely  destroyed,  though, 
judging  from  the  fragmentary  portions  that  remain,  it  must  originally 
have  been  of  considerable  extent.  It  being  then  late  in  the  afternoon 
a  return  was  made  the  following  day,  when  several  portions  of 
molars  and  a  fragment  of  a  tusk  of  a  pigmy  elephant  were  with 

^  Or  'bear,'  as  it  is  sometimes  translated.     In  this  case  the  word  used  is 
■*  arkoodhee,'  tiiongh  the  name  nsuallj  employed  in  the  island  fox  ba^ei  \&  ^  Qx\a\!CA? 
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diffioalty  detaobed  from  the  hard  substanoe  in  wbiob  they  were 
embedded.  Besides  these  some  pieces  of  breocia  containing  the 
remains  of  small  rodents  were  also  procnred.  Unfortunately  it 
was  only  possible  to  work  here  for  a  few  hours,  for,  owing  to  the 
distance  and  rough  track,  it  occupied  four  hours  each  way  to  and 
from  Ehania.  ^e  fact  that  this  was  the  only  deposit  in  which 
traces  of  a  dwarf  elephant  were  observed  made  it  a  matter  of  much 
regret  that  the  investigations  begun  here  could  not  be  continued^ 
but  it  was  impossible  to  delay  my  departure  from  Crete  beyond  the 
24th  of  the  month. 

The  first  trip  into  the  country  from  Ehania  took  me  to  the^ 
monastery  of  Oonia,  near  Eolymbari,  which  was  reached  on 
March  20th  after  a  ride  of  several  hours,  chiefly  along  the  seashore. 
The  following  morning  no  difficulty  was  experienced  in  finding 
the  cave  (Plate  IX)  already  described  by  Admiral  Spratt,'  who- 
obtained  from  it  a  few  remains  which  he  mentions  as  having  been 
identified  by  Dr.  H.  Falconer '  as  those  of  "  a  goat,  a  roebuck,  or 
stag,  and  of  a  small  Myoxus.**  For  several  days  some  work  waa 
carried  on  here,  but  without  much  success,  for  the  ossiferous  depoait, 
which  was  very  hard,  extended  only  a  little  way  inside  the  cave, 
and  specimens  worth  preserving  were  difficult  to  obtain.  A  number 
of  other  oaves  on  this  side  of  the  peninsula,  including  the  Eamida 
Spilia  of  the  Admiralty  Chart,  were  examined,  but  without  result. 

Later,  when  staying  at  the  tiny  village  of  Eamara  Eumuli,  I  was 
taken  to  a  small  cave  or  hole  in  the  cliffs  below,  and  somewhat  to 
the  south-west  of  Eavduka.  In  spite  of  the  stalagmitic  flooring 
of  what  remained  of  this  cave  being  entirely  broken  up,  presumably 
by  the  action  of  the  waves,  some  few  good  specimens  were  obtained 
from  a  crevice  half-filled  with  earth  and  sand.  A  portion  of  the 
bone  breocia  oould  be  seen  to  extend  for  a  short  distance  below 
the  present  level  of  the  sea.  The  remains  noticed  here  included 
only  those  of  the  two  species  of  ruminants  already  mentioned. 

On  a  trip  to  Malathiros,  which  lies  some  little  distance  in  the 
hills  inland,  no  bone  caves  were  heard  of,  but  more  success  attended 
a  return  to  the  coast  still  further  west  At  the  western  base  of 
the  Grabusa  Akrotiri  lies  the  small  promontory  of  Kutri,  or  Phala- 
sarna,  to  give  it  its  ancient  name,  the  site  of  the  western  town  of 
the  early  civilization  of  Crete.'  At  the  northern  edge  of  this  cape, 
where  the  limestone  cliffs  are  reduced  to  an  insignificant  height, 
a  cave  opening  towards  the  sea  was  found  to  contain  the  remains 
of  a  large  ossiferous  deposit.  That  this  must  originally  have  been 
of  considerable  extent  is  shown  by  the  fact  that  between  the  highest 
and  lowest  traces  of  bones  is  a  distance  of  fifteen  feet;  these 
probably  occurred  in  bands  of  about  three  feet  in  thickness  and 
separated  by  layers  of  stalagmite.  Two  such  bands  were  clearly 
traced  at  the  inner  end  of  the  cave ;  in  the  upper  remains  of  an 

*  Op.  cit.,  vol.  ii,  pp.  194-5. 

'  I  have  been  unable  to  find  any  accoont  of   these  remains    published   by 
Dr.  Falconer. 
'  Spratt,  op.  oit.,  vol.  ii,  chap.  xix. 
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otelope  were  most  plentiful,  while  in  a  lower  one  horoB  and  teeth 
fa  deer  predominated. 

In  the  clifBi  less  than  a  hundred  yards  to  the  south-west  is  another 
kve  whioh  oan  only  be  reaohed  from  the  sea.  This  is  smaller  and 
nower  than  the  one  described  above,  and  contains  only  a  very 
igmentary  remnant  of  an  aocumnlation  of  mammalian  remains. 
Mides  this  some  few  specimens  were  brought  in  by  one  of  my  men, 
bo  said  he  had  procured  them  from  a  cave  on  the  east  coast  of 
e  Orabusa  promontory  and  about  two  hours  walk  from  Ealivjannee, 
it  I  was  unable  to  go  and  verify  this  information.  Previously, 
hen  at  the  eastern  base  of  this  Akrotiri,  a  great  number  of  fossilised 
mains  of  a  large  echinoderm  were  noticed  in  the  low  sea-cliffs  at 
lis  spot 
Before  leaving  Mesoghia,^  whence  the  Eutri  cave  was  worked, 

visit    was    paid    to    Sphinari    on    the    coast    at    some    hours 
stance  to  the  south.     Its  position  is  somewhat  isolated,  and  it 

claimed  by  the  inhabitants  to  be  an  outlying  village  of  the 
oneakhoria.  A  walk  of  less  than  an  hour  along  the  clifis  on  the 
»iith  side  of  the  small  bay  brought  us  to  the  partially  submerged 
mains  of  a  cave  deposit,  now  almost  entirely  destroyed.  Of  the 
kve  itself  this  is  the  only  trace  to  be  seen ;  some  teeth  and  bones  of 
iminants  and  part  of  the  dentition  of  a  rodent  were  obtained  here. 
No  other  deposits  were  found  west  of  Ehania,  but  before  de- 
tribing  those  discovered  in  the  east  of  the  island  a  few  remarks 
I  the  former  may  not  be  out  of  place.  Apart  from  the  interest 
'  the  mammalian  remains  contained  in  them  the  situation  and 
tndition  of  these  deposits  suggest  a  number  of  problems  as  to  the 
x>bable  method  of  their  origin,  to  which  it  seems  difficult  to  supply 
ly  satisfactory  explanation.  The  Eutri  cave  may  be  noticed  with 
ore  detail,  presenting  as  it  does  phenomena  somewhat  similar  to 
le  smaller  Eutri  cave,  that  near  Ravduka,  and  the  deposit 
ose  to  Sphinari.  The  lowest  trace  of  bones  is  only  about  10  feet 
K>ve  the  sea,  while  the  whole  floor  bears  unmistakable  traces  of 
kving  been  largely  broken  up  and  to  a  great  extent  washed  away. 
Q  the  walls  of  the  cave  is  a  distinct  sea-level  mark  now  about 
)  feet  above  the  water.  In  confirmation  of  this  it  seems  to  have 
)en  satisfactorily  proved  by  the  observations  of  Admiral  Spratt' 
at  a  looaP  "deplacement  negatif"  to  the  extent  of  22  feet  has 
ken  place  at  this  point  of  the  coast,  and  that  mihin  historical  iimei, 
aking  it  a  matter  of  certainty  that  this  has  occurred  since  the 
onmnlation  of  the  ossiferous  deposit.^    A  similar  alteration  of  the 

^  This  is  an  isolated  homestead  which,  although  close  to  KaliTi'annee,  is  called 
esoghia,  no  doubt  after  the  villages  of  that  name  to  which  it  probably  belongs. 

•  Op.  cit.,  vol.  ii,  chap,  xix,  pp.  195-6,  etc.  Suess  also  gives  a  list  of  records  in 
is  connection  ;  see  **  La  Face  de  la  Terre,'*  vol.  ii,  pp.  700-1  and  740. 

'  That  this  was  only  local  is  proved  by  the  fact  tnat  in  the  east  of  the  island 
contrary  movement  has  occurred  also  within  historic  times.  See  Spratt,  op.  cit., 
J.  ii,  pp.  21-2,  etc.,  and  Suess,  op.  cit.,  vol.  ii,  pp.  700-1. 

*  Admiral  Spratt  even  says  in  discussing  the  disappearance  of  the  harbour  at 
ripiti,  on  the  south  coast,  which  was  describea  by  the  author  of  the  '*  Stadiasmus,"  that 
lis  is  '*  another  proof  of  the  great  upheaval  along  the  coast  having  taken  place  since 
late  Boman  period,  the  date  of  the  '  Stadiasmus '  being  conaiaetei^  \a  \^  ^iX^'oi 
lat  time  **  (op.  cit,,  vol.  ii,  p.  246). 
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ooastline,  though  in  a  greater  or  less  degree,  is  recorded  by  this- 
author  for  nearly  the  whole  of  the  west  ooast  of  Crete. 

It  might  be  assumed  that  the  ossiferous  remains  were  introdnoed 
into  the  cave  by  the  sea,  but  on  the  other  hand  several  facts  seem  to- 
suggest  a  different  explanation.  The  appearance  of  the  interior  of 
the  oave  points  oonolusively  to  its  having  been  invaded  by  the  sea 
subsequently  to  the  deposition  of  the  mammalian  remains  as  already 
mentioned  above.  The  material  in  which  these  are  embedded  is 
exactly  similar  to  that  found  in  other  caves  differently  sitoated,. 
and  does  not  contain  sea  shells,  though  a  few  occurred,  together 
with  a  small  quantity  of  sand,  in  a  hole  or  crevice.  Some  of  these 
were  adhering  to  pieces  of  bone  which  were  exposed  at  this  spot, 
but  none  were  found  enclosed  in  the  solid  matrix  in  conjunction^ 
with  the  mammalian  remains.  A  considerable  quantity  of  coarse 
sand  was  also  observed  in  a  crevice  containing  a  number  of  remains 
in  the  cave  near  Bavduka. 

As  an  alternative  the  only  manner  in  which  it  seems  at  all 
possible  that  these  remains  could  have  been  deposited  in  the  caves 
when  under  water  would  be  through  the  agency  of  an  underground 
river  with  its  outlet  below  the  surface  of  the  sea.  Accumulations 
might  then  have  formed  in  a  backwater  or  eddy,  or  even  in  the  main 
stream  when  it  had  become  sufficiently  reduced  to  allow  of  this.. 
The  partial  destruction  of  the  deposits  by  sea  action  would  take 
place  when  the  sea  and  cave  eventually  occupied  relative  positions 
that  would  allow  the  surf  to  break  in  with  some  force.  In  Crete, 
as  in  other  limestone  countries,  these  subterranean  streams  are  by 
no  means  uncommoD;^  as  examples  mention  may  be  made  of  the 
swallow-holeB,  locally  known  as  kbonos  or  katavothron,  which 
carry  off  the  waters  from  a  number  of  hill-encircled  upland  basins. 
Besides  these  are  several  streams  with  a  large  flow  of  water  which 
abruptly  rise  out  of  the  ground,  as  near  Hagbios  Nikola,  at  Armyro 
west  of  Candia,  and  at  Armyro  on  the  coast  at  the  south-west 
corner  of  Armyro  Bay. 

On  the  whole  it  seems  easier  to  believe  that  these  bone  breccias 
were  originally  formed  on  the  floors  of  land  caves  subsequently 
submerged  beneath  the  sea,  from  which  they  have  again  been 
gradually  elevated  to  the  extent  already  noted. 

To  account  for  the  disappearance  of  the  walls  and  roof  of  some 
of  these  caves,  such  as  at  the  deposit  near  Gape  Maleka  and  several 
others  in  the  east  of  the  island  which  have  not  been  submerged,  is 
not  difficult.  For  even  where  the  action  of  the  sea  has  played  no 
part,  or  only  to  the  extent  of  surf  breaking  in  during  storms,  the 
effects  of  weathering  on  these  practically  barren  limestone  rocks  is 
very  rapid  and  severe.  As  a  factor  of  possible  importance  in  the 
destruction  of  the  caves,  it  may  be  remembered  that  Crete  lies 
within  the  zone  where  earthquakes  are  of  by  no  means  infrequent 
occurrence ;  a  particularly  severe  one  doing  much  damage  to  many 
of  the  towns  occurred  as  late  as  1856. 

*  An  interesting  paper  dealing  with  this  subject  is  **  Submarine  Gullies,  River 
Outlets,  and  Fresh-water  Escapes  beneath  the  Sea-level,"  by  H.  Benest,  Assoc. 
M.  Inst.  C.  E. ;  Geog.  Journal,  October,  1899,  toI.  xIt,  pp.  394-413. 
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Eastebn  Cbbts. 

the  b^inning  of  May,  shortly  after  returning  to  Ehania  from 
md  trip  in  the  west,  a  start  was  made  for  the  east,  where 
ained  mitil  shortly  before  leaving  the*  island  in  the  latter  end 
ly.  Gandia  was  reached,  after  a  somewhat  wandering  course, 
ting  Lake  Eumas,  Myrthio  (from  whence  one  of  the  small 
)f  fossil  wood  mentioned  by  Baulin  ^  was  visited),  Eria  Vrisis, 
toSy  and  Haghia  Deka,  near  which  is  the  enormous  underground 
f  known  as  the  Labyrinth. 

»ng  the  coastline  east  of  Candia  no  cave  deposit  was  found 
Melato,  in  the  eparkhia  of  Mirabello,  was  reached.  Here  one 
iscovered  on  the  bare  hillside  to  the  north-west  of  the  village, 
between  it  and  the  sea.  No  part  of  the  former  cave  was  to 
3en  except  a  few  fragmentary  portions  of  the  stalagmitic 
ig  showing  above  the  ground,  and  containing  remains  of  a  pigmy 
potamus. 

the  east  of  this  my  wanderings  were  continued  through  the 
»  plain  of  Mirabello,  and  on  by  a  road  never  very  far  from 
>a8t  to  Sitaea.  Thence  to  the  monastery  of  Toplou,  Eremopoli, 
its  ancient  ruins,  and  Palaikastro,  the  site  of  important  archsBO- 
d  excavations  made  under  the  auspices  of  the  British  School 
ihens.  A  return  was  made  across  the  limestone  plateau  in 
I  Ehandra  is  situated,  by  Daphnaes  and  Rhukaka,  down  the 
I  to  Eavusi,  where  the  former  route  was  joined, 
e  only  cave  deposits  found  in  this  part  of  the  island  were 
ed  in  the  rugged  limestone  cliffs  bordering  the  southern  end 
3  Bay  of  Eharoumes,  not  many  miles  south  of  Palaikastro.  At 
oot  of  these  cliffs  and  only  from  a  few  feet  to  a  few  yards 
I  the  sea  were  discovered  one  small  bone  cave  and,  on  either 
portions  of  the  stalagmitic  flooring  of  two  others;  all  being 
ed  close  together  and  extending  for  a  distance  of  about 
idred  and  fifty  yards.  The  most  northerly  of  these  deposits, 
1  is  at  a  greater  height  than,  and  at  a  little  distance  from,  the 

contained  only  bones  and  teeth  of  the  small  hippopotamus 
1  also  occurs  at  Melato.     The  remains  in  the  cave  and  in  the 

deposit'  proved  to  be  those  of  ruminants  similar  to  those 
[  in  the  caves  of  the  west  of  the  island.^ 

ne  little  distance  further  along  the  coast  in  a  south-easterly 
ion  is  another  cave,  in  which  the  floor  is  entirely  broken  up 
leaped  with  huge  boulders ;  at  its  inner  end,  however,  a  few 

and  a  piece  of  a  deer's  horn  were  observed.     These  were 

dded  in  the  roof,  which  at  this  spot  is  partly  composed  of  red 

The  position  of  these  remains  seems  to  be  a  strong  argument 

^our  of  the  idea  that,  at  all  events  in  this  instance,  they  must 

p.  cit.,  Tol.  i,  p.  181,  and  Spratt,  op.  cit.,  Tol.  ii,  pp.  270-1. 

few  land-shells  were  obtained  here,  and  haye  been  identified  by  the  Ber.  R. 

;ton  Bnllen  as  Selix  pellita^  Fer. 

few  fragmentary  remains  of  a  large  proboscidian  were  found  in  the  rocks 

o  this  cave.    Tney  have  not  yet  been  examined,  but  wiU  probably  prove  to 

arlier  age  than  Pleistocene. 
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have  been  introdiioed  tfarooi^  die  igicj  off  walac  Tlia  Mme 
probebl J  also  the  oMe  in  the  odier  oave  oliMe  bf  ,  in  wUoh  it 
be  seen  that,  prerions  to  the  stalagmitie  floonng  bftving  been 
distorbed,  put  of  the  bone  breocia  had  leabhed  to  within  aboofe 
a  foot  of  the  roof,  and  this  in  tiie  portion  of  the  eave  when  the 
present  entnmoe  is  dtoated.  Acmions  point  in  oonneotion  with, 
though  perhi^ia  hardlj  in  snpportof,  diia  theory  is  tiiat  the  different 
species  were  not  found  indisoriminatelj  mixed  together  in  any  one 
deposit  The  remaina  of  the  antelope  and  deer  seem  to  be  inTanably 
assooiated,  though  the  proportions  in  whioh  they  oooor  may  ^nury 
in  the  di£forent  Uyen  of  the  floor,  aa  in  tiie  Kntri  oa^  (p.  196). 
Bones  and  teeth  of  small  rodents  were,  in  one  or  two  oases,  found 
in  the  same  deposit  as  the  above ;  similariy  they  ooooned  in  a  fing- 
mentary  portion  of  the  upper  Uyer  of  the  breooia  near  Ospe  Xaleki^ 
which  besides  these  only  oontuned  remaina  of  a  pigmy  elephant 
Further,  no  other  spedes  was  observed  in  either  of  the  two  cave 
deposits  in  which  portions  of  a  dwarf  species  of  hippopotamus  were 
found,  although  one  of  these,  as  already  mentioned,  waa  sitosted 
only  a  few  yards  from  a  cave  containing  remains  of  ruminanta. 

As  long  ago  as  about  the  year  18^  ^  some  remains  of  a  smsD 
hippopotamus  were  obtained  at  Oandia  by  CSaptain  Ghavea,  B.N., 
though  it  was  not  known  where  they  came  from.  Somewhst 
later  further  specimens  were  procured  at  Eritsa,  a  large  villi^ 
on  the  eastern  base  of  the  Lassethe  Mountains,  by  H.  Banlin,*  who 
was  told  that  they  had  been  found  in  the  upland  basin  of  Kathara 
This  spot  he  visited,  and  subsequently  described,  but  without  finding 
any  specimens  in  the  deposits  in  which  they  were  said  to  occur. 
Owing  to  this  information  Kritsa  was  visited  at  the  earliest 
opportunity,  and  here  a  small  number  of  isolated  hippopotamus 
teeth  were  brought  in  by  the  villagers,  and  at  length  an  old  man 
appeared  who  professed  to  know  the  locality  from  which  they  came. 
The  following  day  he  took  us  to  the  upland  basin  of  Eatharo,  which 
is  about  three  hours  from  Eritsa  and  nearly  4,000  feet  above  the 
sea.  Although  already  past  the  middle  of  May,  at  this  height  it 
was  bitterly  cold,  a  keen  wind  bringing  with  it  a  damp  and  all- 
enveloping  fog.  This  spot  is  not  permanently  inhabited,  only  a  few 
shepherds  staying  here  with  their  flocks  during  the  summer  months, 
when  they  and  their  beasts  obtain  shelter  in  rudely  built  and 
indescribably  filthy  hovels;  the  only  other  buildings  being  one 
or  two  small  dedicatory  chapels.  A  few  crops  of  corn  and  vetches 
struggle  for  existence,  while  a  number  of  fruit-trees  gprow  in  shelter 
of  the  northern  hills.  This  mountain  valley  runs  almost  due  east 
and  west,  and  is  about  two  miles  long  and  from  half  to  three-quarters 
of  a  mile  wide.  Completely  encircled  by  hills,  its  surface  presents 
an  undulating  appearance,  particularly  at  its  eastern  extremity,  and 
it  is  intersected  by  a  number  of  streams  all  fiowing  westward,  in 
accordance  with  the  general  inclination  of  the  valley.    These  have 


>  Spratt,  op.  dt.,  toI.  ii,  p.  386. 
»  Ibid.,  pp.  386-7. 
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eioivated  their  ooanes  in  plaoes  to  a  depth  of  eight  or  ten  feet, 

«bowiag  that  the  ground  to  this  extent  oonsists  of  reddish  yellow 

aod  grey  days  topped  by  a  layer  of  darker  soil  varying  in  thiokneas 

bom  a  couple  of  inches  to  one  and  a  half  or  two  feet.     At  the 

western  extremity  of  Eatharo,   where  the  hills  are  lowest,  the 

streams  have  broken  through  the  rooky  barrier,  cutting  a  deep  and 

narrow  gorge  by  which  the  accumulated  waters  find  a  way  to  the 

more  extensive  upland  basin  of  Lassethe,  which  lies  nearly  a  thousand 

feet  below. 

lij  guide  first  took  me  to  the  top  of  a  rounded  hillock  in  the 
•esstem  half  of  the  valley,  where  a  few  fragmentary  remains  were 
found  lying  on  the  surface,  where  some  debris  evidently  of  volcanic 
origin,  such  as  lava,  etc.,  was  also  observed.  During  Uie  next  few 
days  trial  trenches  were  dug  in  a  number  of  plaoes  in  this  vicinity, 
Mth  and  bones  of  a  pigmy  hippopotamus  being  found  in  varying 
•quantities  and  at  difi^rent  depths.  At  the  spot  shown  in  the 
phoU^psph  (Plate  X)  the  remains  occurred  somewhat  sparingly 
m  a  band  of  bluish  grey  clay  about  one  and  a  half  to  two  feet  thick. 
In  a  channel  cut  by  a  stream  through  yellowish  clay  others  were 
found  in  great  numbers  at  a  depth  of  six  to  eight  feet  below  the 
sorfaoe.  Here  the  infiltration  of  water  made  them  very  rotten  and 
difficult  to  extricate  intact ;  however,  eventually  a  number  of  teeth 
and  jaws  and  a  large  series  of  perfect  limb  bones  were  obtained. 

l^e  presence  of  these  hippopotamus  remains  shows  that  the 
deposit  in  which  they  occur  is  almost  certainly  of  fresh-water 
origin,  and  this  is  easy  to  believe  when  it  is  remembered  that  before 
a  channel  was  worn  through  the  barrier  of  surrounding  hills  there 
was  probably  no  outlet  for  the  accumulated  waters,  which  in  that 
^»se  would  transform  the  valley  into  a  lake  or  swamp,  according 
to  the  season  of  the  year.  A  view  of  the  neighboiiriDg  enclosed 
plain  of  Lassethe  encourages  this  idea,  for  here  the  only  egress 
for  the  streams  is  by  means  of  a  swallow-hole,  or  khonos ; 
should  anything  cause  this  to  become  blocked  the  drainage  of  both 
Katharo  and  Lassethe  would  be  forced  to  remain  in  the  latter,  soon 
forming  it  into  a  marsh  and  possibly  a  lake  after  the  melting  of 
the  snow  off  the  surrounding  mountains.  Admiral  Spratt  mentions  ^ 
that  in  spite  of  a  swallow-hole  in  the  upland  basin  of  Omalo,  in 
the  Aspro  Vouno,  the  centre  of  it  is  converted  into  a  lake  for  some 
months  during  the  winter. 

Considering  the  ordinary  habitat  of  the  hippopotamus,  it  is  curious 
to  find  numerous  remains  of  a  small  species  at  the  unusual  height 
of  nec^ly  4,000  feet  above  sea-level,  and  that  amongst  rugged  and 
barren  mountains.  The  above-mentioned  author  considered '  that 
their  occurrence  in  this  situation  "involves  the  necessity  of  con- 
ceiving great  physical  changes  in  the  relative  levels  of  sea  and  land 
since  they  existed  in  Crete."  His  suggestion  of  a  depression  in 
this  part  of  the  island  to  the  extent  of  some  3,500  feet  would  seem 


*  Op.  cit.,  vol.  ii,  p.  176. 
»  Ibid.,  p.  387. 
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to  be  disproved  by  the  disoovery  of  similar,  and  presamably  oon- 
temporary,  remains  nearly  4,000  feet  below  ELathara  May  it  not 
be  Uiat  this  upland  basin,  then  a  lake  or  marsh,  became  a  last 
stronghold  of  a  dying  raoe  of  hippopotamus?  This  does  not  seem^ 
so  improbable  if  we  imagine  a  slightly  warmer  olimate  to  IiaT» 
been  then  prevailing,  and  with  it  the  consequent  existenoe  of 
a  vastly  greater  amount  of  vegetation. 

Conclusion. — It  will  be  seen  from  the  above  '  that  during, 
my  stay  in  Crete  thirteen  deposits  oontaining  remains  of 
Pleistocene  mammcJs  were  found,  though  only  four  were  worked 
to  any  extent  These  are  all  situated  in  the  northern  half  of  the 
island,  for  it  was  found  impossible  in  this  time  to  explore  more 
than  a  comparatively  small  area,  and  that  imperfectly ;  the  southern 
ooastline  was  practically  unvisited.  This  was  partly  due  to  the 
distances  to  be  traversed  and  the  slow  rate  of  pn^press  over  rough 
country ;  the  total  disappearance  in  many  cases  of  all  traces  of  the 
caves  save  a  portion  of  the  stalagmitic  flooring  greatly  added  to 
the  difficulties  of  their  discovery. 

The  following  is  a  list  of  Pleistocene  ossiferous  deposits  found  :— 

1.  Cave  deposit  near  Sphinari,  West  Crete,     (p..  197.) 

2.  Cave,  Cape  Kutri,  West  Crete,     (p.  196.) 

3.  Cave,  Cape  Kutri,  West  Crete,     (p.  197:) 

4.  Haghios  Basilis  (cave),  near  Bavdnka,  West  Crete,     (p.  196.) 

5.  Tripiti  cave,  near  Gonia  Monastery,  West  Crete,     (p.  194) 

6.  Cave  between  Ehania  and  Suda,  West  Crete,     (p.  194.) 

7.  Cave  at  Haghios  Georgios,  Ehania  Akrotiri,  West  Crete,  (p.  194.) 

8.  Cave  deposit  below  Katholiko  Monastery,  West  Crete,   (p.  195.) 

9.  Cave  deposit  near  Cape  Maleka,  West  Crete,    (p.  195.) 

10.  Cave  deposit  near  Melato,  Mirabello,  East  Crete,     (p.  199.) 

11.  Cavedeposit  (3  ?),  Eharoumes  Bay,  Sitaea,  East  Crete,   (p.  199.) 

12.  Cave,  Kliaroumes  Bay,  Sitaea,  East  Crete,     (p.  199.) 

13.  Fresh- water  deposit,  Katharo,  Lassethe  Mountains,  East  Crete. 

(p.  201.) 
The  mammalian  remains  found  in  the  above  have  not  yet  been 
specifically  determined,  but  are  known  to  include  the  following: 
antelope,  deer,  elephant,  hippopotamus,  shrew  {Croddurd),  and  at 
least  two  small  species  of  rodents.  Of  these  the  elephant  and 
hippopotamus  represent  dwarfed  races,  whUst  the  antelope  wiU 
probably  be  found  to  belong  to  a  hitherto  imdescribed  form.  It  is 
hoped  that  it  will  be  possible  before  very  long  to  publish  a  detailed 
account  of  these  remains.  I  take  this  opportunity  to  express  my 
sincere  appreciation  of  all  the  help  and  encouragement  I  received 
from  many  kind  friends  both  at  home  and  in  Crete. 

EXPL-fVNATION  OF  PLATES. 

Plate  IX. — Tripiti  Cavo,  near  Gonia  Monastery,  "West  Crete.* 
Plate  X. — Men  at  work  in  the  upland  basin  of  Katharo,  Lassethe  Mountains, 
East  Crete. 

^  Ossiferous  remains  occur  in  the  cliff-face  immediately  below  the  mouth  of  this 
cave,  as  well  as  inside  (see  Spratt,  op.  cit.,  vol.  ii,  p.  195). 
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—Nona  OH  B&itish  Dinosaurs.    Part  I :  HrpsiLOPHODON, 

By  Dr.  F&ancis  Babon  Nofcba. 
(WITH  A  PAGE-ILLUSTRATION.) 

RING  a  reoent  'stay  in  London  the  kindness  of  Dr.  A.  S.^ 
Woodward  enabled  me  to  study  some  of  the  splendid  Dinosaurian 
ns  in  the  British  Museum. 

ving  principally  occupied  myself  till  now  with  Omithopodoos 
aurs,  first  of  all  HypsUophodon  attracted  my  attention,  and 
cpeotation  that  this  type  would  prove  to  be  the  clue  for  the 
standing  of  all  the  other  Orthopoda  has  been  perfectly  fulfilled. 
jMilophodon  was  described  and  figured  at  various  times  by 
,  Huxley,  and  Hulke ;  a  restoration  of  this  animal  was  given 
^arsh  in  the  Geolooioal  Magazins  for  1896  (p.  6,  Fig.  2), 
he  complete  bibliographical  list  concerning  this  Dinosaur  is 
iled  in  my  paper  "Synopsis  und  Abstammung  der  Dinosaurier'^ 
torn  XbzlUny,  1901,  Budapest). 

consequence  of  our  more  recent  knowledge  of  Dinosaurs  in 
al  I  managed  to  detect  some  new  points  of  remarkable  interest 
ndible.  What  Hulke,  in  describing  the  HypsUophodon  skull, 
10,  supposed  to  be  the  parietal,  frontal,  and  post-frontal  bones 
.  Trans.,  1882,  pi.  Izxi,  fig.  1,  pa,,  fr.,  ps.f.),  turned  out  to  be 
uter  view  of  a  complete  right  mandibular  ramus,  so  that  the 
jbI  changes  into  an  articular,  the  frontal  becomes  the  dentary, 
be  post-frontal  the  coronoid  bone.  This  piece  (p.  207,  Fig.  4)  is, 
3t,  the  finest  mandibulum  of  Hypsilophodon  I  have  seen  in  the 
)  collection,  and  as  such  worthy  to  be  refigured. 
e  general  outline  of  the  mandibulum,  with  its  strongly  ab- 
ated post-coronoidcd  part  and  its  blunt  processus  coronoideum, 
ids  one  somewhat  of  the  under  jaw  of  Flacodus  gigas,  though 
fers  of  course  in  nearly  every  detail,  being  built  up  after  the 
odon  type.  The  comparatively  very  slight  elevation  of  the 
coronoideum,  a  feature  in  which  HypsUophodon  differs  from 
4>don  and  the  Hadrosauridss,  is  to  be  met  with  in  the  Upper 
oeous  Mochlodon,  while  the  abbreviation  of  the  post-coronoidal 
^f  the  lower  jaw  is  a  character  which  among  all  Dinosaurs  is 
known  in  the  Iguanodon  type. 

caUed  sclerotic  plates.  After  fixing  former  differences  of  inter- 
tion  Hulke's  so-called  sclerotic  plates  were  closely  examined, 
proved  to  be  nothing  else  but  the  teeth  belonging  to  the 
same  mandible,  showing  each  a  nicely  polished  masticating 
ye;  the  pointed  projection  on  each  of  these  so-called  sclerotic 
I  being  simply  due  to  the  median  ridge  projecting  on  the  inner 
elled  surface  of  each  tooth  (compare  my  similar  figure  of  the 
eating  surface  in  Mochlodon  teeth  figured  in  my  paper  on 
lodon  in  the  Denkschr.  d.  k.  Akad.  Wiss.,  Vienna,  1901,  pi.  ii, 

si'Oecipital  bone.  Another  point  of  great  interest  not  yet  duly 
)d  in  the  skull  of  HypsUophodon  is  the  shape  of  the  hird'like 
occipital  bone  (Fig.  1,  ho.).     It  is  utterly  uuUkA  iVk.^  ^axel^ 
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bone  in  CawiptoBawui,  MoeUoJUm^  Igm&modm^  or  TdmakmamrmM^  baf 
rather  reminding  one  of  the  Camp$ogmaikmi  or  TkeeodtmioiaMnu  type ; 
and  the  downward  direction  of  the  foramina  bj  which  the  cranial 
nerres  pass  out  from  the  brain-caTity  along  the  basal  and  lateral 
elements  of  the  skall  is  an  especially  bird-like  feature.  Desoribinff 
the  basi-oooipitai  and  basi-sphenoidal  elements  in  MoModam^  I  stated 
these  elements  in  Oreislyoiawrut  are  in  the  same  relation  to  the  same 
parts  in  Zandodom  as  are  those  of  MoModom  to  TdmaiommmM^  and 
thns  I  conld  distingaish  a  MoModom  -  ^frssf/fotaiinif  or  elongated 
and  a  TdmatoMawruB^ZoMdodon  or  abbreviated  type.  To  this  now 
a  third  type,  the  Hy]psilophodom'TkeeodofiUooawnu  or  bird-like  type 
has  to  be  added.  The  great  phylogenetio  and  physiologic  valoe  of 
this  fact,  throwing  much  light  on  the  relationdiip  of  Dinosaors  and 
birds  and  also  on  Dinosaur  evolation  itself  will  be  more  foUy 
explained  on  some  other  occasion. 

Supnu-oeeipital  hone  (p.  207,  Fig.  2).  As  it  has  some  years  ago  been 
doubted  by  Professor  Eoken  tiiat  in  Omithopodidn  the  sapi*- 
occipital  enters  into  the  foramen  magnum  (Neues  Jahrb.  f.  Min. 
Geol.  u.  Pal.,  1901,  toI.  i),  it  seemed  desirable  to  settle  also  this 
question,  and  therefore  a  drawing  of  this  part  of  another  HffpBUophodon 
skull  is  also  given.  It  will  be  seen  at  once  that  the  supra-occipital 
contributes  largely  to  the  boundary  of  the  wide  foramen  magnum, 
and  that  it  rises  very  much  in  the  same  way  as  in  Hatleria  or 
Compsognathns,  forming  at  the  same  time  a  sharp  median  posterior 
crest.  The  differences  from  the  AeanthophoHs  or  even  the  Iguanodom 
type  are  easily  noticed.  The  processus  parotici  are  not  raised  as  in 
Telmaiosaurus,  but  at  the  same  level  as  the  foramen  magnum,  and, 
showing  at  once  where  the  missing  squamosals  are  to  be  sought  for, 
this  indicates  that  the  quadrate  bone  was  comparatively  short,  that 
the  superior  temporal  openings  were  visible  from  the  side,  and 
proves  the  presence  of  large  hypoparotic  fosssa. 

Predentary.  Although  this  bone  is  of  quite  exceptional  interest, 
and  was  already  described  by  Hulke  in  his  monograph  on  JTypn^ 
lophodon,  yet  it  never  has  been  figured.  JBypsilophodon  is,  as  far  as 
we  know,  the  single  Dinosaur  in  which  a  tooth  bearing  a  prao- 
maxillary  comes  to  bear  down  on  a  predentary  bone,  and  this  is  the 
reason  why  in  p.  207,  Fig.  3,  an  enlarged  drawing  of  this  element  is 
given. 

Dollo  remarked  some  years  ago  that  a  toothed  prsamaxillary 
might  well  correspond  to  a  tooth-bearing  predentary,  and  I  perfectly 
agree  with  the  famous  Belgian  professor  that  this  is  exactly  the 
thing  one  ought  to  expeot  if  the  predentary  of  the  Orthopoda  were 
an  entodermal  ossification  and  homologous  with  the  same  bone  in 
AapidorhynchnSf  Amplngnathodonf  or  in  human  anatomy. 

Working  along  quite  other  lines  of  research  than  Professor  Dollo, 
I,  however,  recently  came  to  the  result  that  the  predentary  of 
Orthopoda  cannot  have  been  derived  from  a  cartilaginous  source, 
hut  must  simply  be  regarded  as  a  dermal  ossification  (Denksch. 
Akad.,  Vienna,  1904).  The  paradoxical  fact  that  in  Mypsilophodon 
an  edentulous  predentary  meets  a  toothed  prasmaxillary  is,  as  far  as 
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Jam  aware,  the  best  evidence  that  oan  be  brought  forward  in  favour 

0/  tJie  newer  interpretation.    A  oompariaon  of  this  predentary  bone 

with  the  one  of  MoModon  and  other  Predentata,  aa  figured  in  my 

tbizd  paper  on  Tranaylvanian  Dinoaaura,  ia  equally  intereating,  and 

the  giadoal  prolongation  of  this  bone  along  the  line  CamptoBaunu, 

TtimaioMaunUf  and  Traehadon  may  perhaps  be  termed  as  a  sort  of 

dolidhoc^haly  due  to  the  cursorial  habits  of  these  Phytophagous 

reptilee. 

JPrmmasdUary.  No  doubt  has  hitherto  been  expressed  regarding 
the  statement  that  the  front  part  of  the  jaw  in  Iguanodim  was 
covered  with  a  homy  beak»  and  therefore  an  examination  of  the 
tooth-bearing  praamaxillary  in  Hypnlopkodon  was  also  one  of  the 
tasks  that  had  to  be  aooomplished. 

On  the  top  of  the  well-preserved  prsdmaxillary  of  one  skull 
(Hnlke,  1882,  pi.  Ixxi,  fig.  1),  soon  a  small  but  pronounced  rugosity 
was  detected,  and  it  was  at  once  highly  suggestive  that  this  might 
be  the  place  whence  Uiat  dermal  ossification  originated  which^ 
spreading  by  and  by  over  the  whole  prsBmaxillary,  gradually 
formed  the  beak  of  the  Orthopodous  Dinosaurs  and  suppressed  the 
function  of  some  teeth.  That  this  beak  did,  however,  not  yet  act 
effiM)tively  in  Hypnlopkodon  is,  I  think,  proved  by  the  presence 
of  the  well-developed  pnemaxillary  teeth.  As  placed  on  the  front 
part  of  the  pnemaxillary  the  rugosity  mentioned  is  at  the  same 
time  exactly  on  the  place  where  in  some  reptiles  and  birds  the 
Eiichwiele  of  the  German  author  appears,  and  the  idea  that  this  is 
more  then  a  mere  coincidence  is  perhaps  not  to  be  disregarded 
altogether. 

Dermal  oasificationi  (eurmour).  Contrary  to  what  we  know  of 
Igmanodon,  Hypnlopkodon  was  surely  clad  with  a  thin  but  a  well- 
developed  dermal  armour,  consisting  of  comparatively  large  yet 
thin  and  fiat,  feebly  punctured  bony  plates.  I  managed,  at  least, 
to  detect  in  more  than  one  specimen  some  plates  always  showing 
the  same  sort  of  feebly  grooved  sculpture,  and  never  referable  ta 
any  part  of  the  endoskeleton  itself.  A  good  sketch  of  such  plates 
is  given  in  one  of  Hulke's  figures,  and  in  p.  207,  Fig.  4,  of  this 
paper  the  grooved  markings  also  come  out  pretty  well.  This  dermal 
armour  is,  again,  a  character  in  which  JSypBtlopkodon  approaches 
more  closely  the  armour-clad  Stegosaurs  and  Geratopsia  than  any 
other  Omithopodous  Dinosaurs. 

Osnfied  dorsocaudal  tendons.  The  first  figure  of  ossified  dorso- 
candal  tendons  in  a  Dinosaur  dates  back  to  the  year  1849,  and  is 
a  figure  representing  parts  of  the  tail  of  HylaoBaurus,  Later  on 
the  same  elements  were  mentioned  by  the  Rev.  W.  Fox  in  Folacantkua 
{lUmstraied  London  News,  1865).  Again,  in  1882  a  figure  and 
a  short  remark  on  these  curious  objects  was  given  by  Hulke  in  his 
Sypsilopkodon  paper,  and  in  1887  they  were  refigured  very  clearly 
in  his  paper  on  Folacanikus.  In  the  same  year  (1887)  came  finally 
L.  Dolio's  paper  mentioning  them  in  Iguanodon  and  dealing  with- 
their  physiological  value.  Thus  ossified  dorsal  tendons  are  present 
in  all  the  British  Pnedentate  reptiles,  with  the  sole  exobi^\\o\i  ol  >^<^ 
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Liassio  Scelidosaurus.  It  is  to  be  remarked  that  (1)  the  rfaomboidaL 
arrangement  of  these  tendons  described  in  Iguanodon  seems  to  be 
absent  in  Mypailophodon  as  well  as  in  the  North  Amerioan  Ciaosaurus ; 
(2)  that  in  Igxionodon  these  ossifications  are  ahseni  ander  the 
diapophysis,  while  in  Bjfpsilophodan  they  are  present  also  on  this 
place,  and  form  thus  on  each  side  of  the  tail  two  bandies  nHiioh 
mn  along  the  neurapophyses  and  the  chevron  bones.  Besidea  thk 
the  ossified  tendons  attain  in  Igwmodon  their  maximum  of  develop- 
ment in  the  lumbar  region,  while  in  Bjfpsilophodon  their  namlier 
augments  the  nearer  we  approach  the  end  of  the  tail,  so  that  this 
region  is  entirely  ensheathed.  The  physiological  value  of  such 
a  rigid  organ,  already  unexplainable  in  Iguanodon,  becomes  in  oon- 
sequence  entirely  a  puzzle. 

Fourth  trochanter.    Though  the  fourth  trochanter  of  HypsUophodtm 
was  already  well  figured  and  described  by  Hulke,  I  still  feel  induced 
to  mention  also  this  part,  since  Hulke  in  the  Neuss  Jdkr^uek  fir 
Mineralogie  expressed  some  time  ago  his  doubts  about  the  oorreotneas 
of  my  assertion  that  the  '  trochanter  pendant '  represents  a  more 
primitive  stage  in  evolution  than  the  'trochanter  en  cr^te.'     Now 
I  find   that  the  trochanter  pendant  of  Hypsilophodon  just  seems 
to  prove  the  correctness  of  my  original  view.     In  Hypsilopkodom 
the  fourth  trochanter  is  comparatively  much  broader  than  in  CampiO' 
saurusy  where  it  also  shows  the  pendant  type,  and  in  the  Wealden 
Iguanodon,  again,  it  is  much  more  developed  than  in  Traehodan, 
of  the  Belly  River  and  Laramie  Series.     Comparing  this  fact  with 
the  development  of  the  teeth  in  these  animals,  we  find  that  the  more 
complex  development  of  the  teeth  runs  parallel  with  the  diminution 
of  the  fourth  troohanter.     At  the  same  time  the  diminution  of  the 
fourth  trochanter  is  also  accompanied  by  the  development  of  what 
I  formerly  called  the  processus  peotinealis  of  the  Orthopode  pelvis 
(Foldtani  Kiizlony,  1899,  Budapest),  but  for  which  I  now  adopt 
the  more  appropriate  name  of  processus  pseudopectinealis.     As  it 
is   now  possible  to  prove  that  the  development  of  the  processus 
pseudopectinealis  as   well   as   the  more  complex  structure  of  the 
teeth  are  due  to  progressive  and  not  to  retrogressive  evolution,  and 
since  it  is  impossible  to  suppose  that  some  sort  of  quite  especial 
chevauchement  de  specialisation  is  disturbing  the  whole  line   from 
Eypsilophodon  to  Trachodon^  it  is  equally  impossible  to  sustain  the 
view  that  the  smaller  fourth  trochanter  represents  the  primary  state, 
and  on  account  of  this  I  think  the  fourth  trochanter  in  Hfpsilophodfm 
may  be  brought  forward  as  one  of  the  principal  arguments  for 
sustaining  my  hypothesis  concerning  the  fourth  trochanter.^ 

Conclusion,  Tlie  following  characters  in  Eypsilophodon  can  be 
considered  as  new  or  definitely  settled : — No  sclerotic  ring.  Coro« 
noidal  process  blunt  and  low.  The  dermal  predentary  oertainly 
edentulous.  PrsBmaxillary  with  rugosity  on  the  front  end.  Con- 
dylus  basi-occipital,  and  the  whole  base  of  the  skull  very  bird-like, 
reminding  us  more  of  some  Theropoda  than  of  the  true  Omithopodidae. 

'  Other  arguments  I  intend  discussing  upon  another  occasion. 
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Supra-oooipital  entering  largely  into  the  formmen  magnnm.  Pro< 
oeBsas  parotioi  not  ndsed.  Lai^  foasa  hypopatotioa  preeent 
Dermal  armour  present  and  well  developed.  Oarified  doiaocaoda] 
tendons  ran  along  neurapophysis  and  ohevron  bonea,  and  augmenting 
in  number  towards  the  end  of  the  tdl. 

EXPLANATION  OP  PAGE-ILLUSTRATION  (p.  207). 

Fzo.  1.— Base  of  skull  of  HyptOopkoim  {\). 
„    2.— Back  of  skull  of  ^yiwi&yAiNfefi  (1). 
„    8.— Predentary  of  H^pllopkoim  (1). 
„    A.—UmmHB  oi  Efpnlophodm  H). 

md.  mandibnliim. 

MS.  mftTJIUre. 

od,  nroeeaniB  odontoidsiii. 

o$t.  dennal  oai'fioatioM. 

pd.  pradBntaiy. 

p.p.  procenos  ptrotioQS. 

pt,  pterygoid. 

pt,qu,  prooeflsuB  ptnygoideiiB  qnadiafte. 

gu,  quadratom. 

90.  supra-oodpitale. 

sq,  sqaamosum. 

«y.  symphysiB  mandibiili. 


art. 

articalare. 

bt. 

bad-sphenoid, 
condyius. 

eo. 

cor. 

coronoideuxn. 

d. 

denies. 

de. 

dentale. 

ep. 

axis  (epistrophenB). 

exo. 

exoccipitaie. 
fossa  nypoparotica. 

f.hp. 

f.m. 

foramen  magnum. 

fo. 

foramina  of  cranial  nerves. 

ju.ap. 

jugal  apophysis  of  maxillary. 

in. — On  a  Lepidobendroid  Stbm  from  thb  Coal-msabubbi. 

By  Bebnabd  Smith,  B.A.,  Sidney  Sussex  College,  Cambridge. 

AMONG  the  numerous  Lepidodendroid  remains  in  the  Geological 
Department  of  the  British  Museum  (Nat.  Hist),  there  is  one 
which  presents  several  characters  of  unusual  interest  It  is  a  cast 
obtained  from  the  Middle  Coal-measures  of  South  Staffordshire,  neai 
Dudley,  and  belongs  to  the  Johnson  Collection.^ 

A  portion  of  the  specimen  is  figured  on  p.  209.  It  will  be  noticed 
that  the  mammillated  leaf-cushions  are  distant  from  one  another 
and  are  separated  by  broad  bands  of  striated  bark.  This  is  an  unusual 
feature  in  the  case  of  British  Lepidodendra.  The  preservation  if 
fairly  good,  except  in  the  details  of  the  leaf-soar.  In  the  specimei 
thirteen  leaf-cushions  are  represented,  forming  portions  of  five  spiral 
series.  The  cushions  are  rhomboidal  in  outline,  and  at  first  sight 
do  not  appear  to  be  very  sharply  marked  off  from  the  bark.  Oe 
closer  inspection,  however,  they  are  seen  to  be  moderately  well 
defined,  although  the  lateral  angles  are  flattened  and  obsonred  bj 
the  encroachment  of  the  bark.  They  measure  from  1*8  to  2  om.  ii 
length,  and  from  '6  to  '7  cm.  at  their  greatest  width.  The  uppe] 
and  lower  extremities  lie  in  one  plane,  which  is  the  median  plane 
of  the  cushion,  and  are  inclined  neither  to  the  right  nor  to  the  lef 
(of.  Lepidodendran  serpentigerum) .  The  cushions  stand  out  in  higl 
relief,  and  depart  somewhat  from  the  form  of  a  low  tmnoated  pyramic 
so  commonly  seen  amongst  Lepidodendra.  However,  this  is  in  n< 
wise  remarkablci  for  examples  of  Lepidodendra  having  raised  oushioni 

^  Begistered  number  Y.  1233. 
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*n  not  nn,  in  cMee  where  the  stems  have  to  some  extent  eioaped 
'nufaing.  In  profile  eaoh  one  maybe  oompared  with&wall-braokst, 
Q  whioh  the  shelf  is  represented  by  the  knob-like  projection  situated 
l)OTe  the  leof-aoar.  The  npper  and  lower  divisions  of  the  field  an 
namented  by  a  central  koel. 
The  leaf-soar  is  placed,  not  at  the  apex  of  the  ooshion,  as  in 
uuiy  speoiea  of  Lepidodendra,  bat  in  a  snbordinate  position,  below 
16  apex.  The  details  of  the  soar  are  somewhat  indiatinot.  The 
pper  extremity  appears  to  be  slightly  notched,  the  lateral  angles  are 
saonre  owing  to  the  above-mentioned  overlap  of  the  bark,  and  the 
we  is  tnmoated.  A  print,  preenmabty  the  leaf-traoe  soar,  can  be 
istinguished,  but  the  preservation  is  not  sufGoiently  good  to  enable 
36  to  reoognise  the  pariohnos.  On  that  portion  of  the  field  lying 
alow  the  leaf-soar  a  few  transverse  wrinkles  ooonr.  They  are 
snail;  somewhat  obliqne,  tending  to  ooalesoe,  and  might,  as  in 
le  oaaa  of  Lepidodei^on  WortAmt,  ba  r^arded  as  a  speoiflo 
liaTaoter.  In  addition  there  are  a  nomber  of  other  folds,  clearly 
Ma  in  the  figure,  whioh  run  tight  aorose  the  onehion  asd  are 
onUDued  in  Ibe  bark  on  either  side.  These  are  almost  oertunl; 
oe  to  shrink^e,  and  are  not  the  result  of  natural  growth. 


Ztptiednirm  ip.,  from  the  Middle  Coal-meatoree  near  Dudlej'.    Nat.  size. 

The  moat  interesting  feature  presented  by  this  oast  is  the  faot 
lat  the  leaf-cushions  are  widely  separated.  Each  cuBhiou  is  plsoed 
i  a  distance  of  1'6  to  I'T  om.  from  ite  neighbour  in  the  same  spiral, 
ad  2-3  om.  from  its  nearest  neighbour  in  the  spiral  above  or  below, 
liese  measurements  are  taken  from  centre  to  oeatre  of  th«  l«al-wKn. 
oiCAsa  T.—TOL.  II. — no.  r.  \\ 
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The  leaf-ousbions  are  thus  entirely  separate  from  one  another. 
Two  examples  of  Lepidodendron  serpentigerum,^  Konig,  derived  from 
Newcastle  and  now  preserved  in  the  British  Masenm,  have  been 
found  to  measure  1*1  cm.  and  1*6  om.  respectively  from  soar  to  soar ; 
but  the  cushions  occupy  a  muoh  greater  relative  proportion  of  the 
external  surface  of  the  stem  than  tihey  do  in  the  present  case,  whilst 
they  are  connected  with  one  another  by  tail-like  prolongations 
running  from  the  lower  extremity  of  the  leaf-oushion  above  to 
the  upper  extremity  of  that  beneath.  It  appears  that  it  is  not 
uncommon  in  some  species  of  Lepidodendra  to  find  the  oushiona 
separated  by  a  certain  amount  of  bark,  as  in  the  instance  above 
cited,  where  the  two  occupy  almost  equal  areas.  But  it  oertainly 
is  unusual  that  such  a  relatively  large  proportion  of  the  whole  area 
of  the  stem  or  branch — roughly  three-fourths  of  it — should  oonsist 
of  bark.  To  quote  Mr.  Eidston ' :  *'  The  leaf-cushions  are  arranged 
in  steep  spirals  and  are  contiguous,  as  in  Lepidodendron  ophiuruMt 
Brongt.,  or  more  or  less  distant,  as  in  Lepidodendron  rimoewn,  Stemb., 
or  Lepidodendron  serpentigerumt  Eonig,  where  the  cushions  end 
in  tail-like  prolongations,  by  which  the  various  members  of  the 
same  spiral  series  are  connected  to  each  other.  In  some  spedeSy 
however,  the  leaf-scars  are  contiguous  or  more  or  less  distant, 
according  to  the  growth  or  age  of  the  individual.  This  is  seen  in 
Lepidodendron  aculeaium,  Stemb.  In  some  species,  as  in  Lepidodendron 
serpentigerum,  Ednig,  the  leaf-cushions  are  always  distant,  so  far  as 
at  present  known,  and  the  interfoliar  space  is  ornamented  with  fine 
irregular  wavy  lines,  and  a  somewhat  similar  form  of  ornamentation 
of  the  bark  appears  to  be  a  constant  character  in  all  species  where 
the  leaf-cushions  are  distant." 

The  bark  is  wrinkled  longitudinally,  the  fine  corrugations 
anastomosing  at  small  angles.  The  striss  do  not  sweep  round  the 
cushions,  as  in  Z.  serpentigerum^  L.  veltheimianum,  L,  corrngatumy 
and  some  other  species;  but  terminate  sharply  against  them.  At 
the  widest  part  of  the  cushion  they  sweep  over  its  angles,  maintaining, 
however,  their  longitudinal  direction.  We  might  compare  these 
striffi  with  those  of  L.  distans,^  Lesqr.,  which  also  end  abruptly  at 
the  cushions,  but  do  not  encroach  upon  them. 

The  general  appearance,  the  shape  of  the  specimen,  and  the  fact 
that  it  has,  in  all  probability,  not  been  considerably  crushed,  all 
seem  to  favour  the  idea  that  it  is  a  part  of  an  old  branch  or  stem. 
Moreover,  in  some  Lepidodendra  we  find  that  as  the  stem  advances 
towards  maturity,  the  leaf-cushions  often  tend  to  become  more 
elongated,  especially  in  cases  where  the  cushions  of  the  young 
branches  are  as  broad,  or  broader  than  long.  For  example,  those 
of  L.  dichotomuniy  Zeiller,  are  shorter  than  broad ;  those  of  Z.  obovatumj 
Stemb.,  as  long  as  broad.     So  we  might  argue  that  the  length  of 

»  Registered  number  38,089. 

'  Eidston,  *'  Carboniferous  Lycopods  and  Sphenophylls  "  :  Trans.  Nat.  Hist.  Soc 
Glasprow,  N.8.,  vol.  vi,  p.  46  (1899-1900),  1901. 

'  Re^rded  as  identical  with  L.  serpentigerum,  Kon.,  by  Kidston :  Cat.  Palcoz. 
Plants  Brit.  Mus.,  p.  167,  1886. 
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the  cnshions  in  tke  speoimen  desoribed  here  is  indioative  of  advanced 
age,  though  this  evidence,  being  merely  negative,  is  not  of  any  great 
Talae.  Although  there  is  no  means  of  ascertaining,  in  the  absence 
of  other  specimens,  whether  this  species  had  approximating  or 
oootignous  leaf-cushions  at  a  younger  stage  in  its  development,  the 
fact  still  remains  that  the  relative  distances  between  the  leaf-cushions, 
as  compared  with  those  of  other  Lepidodendra,  even  in  advanced 
age,  is  more  or  less  exceptional.  In  this  respect  no  British  species 
with  which  I  am  acquainted  approximates  to  it.  Lepidodendron 
^erpentigerum,  Konig,  and  L.  distans,  Lesqr.,  o£fer  the  closest 
Tesemblances ;  but  in  view  of  the  indi£ferent  preservation  of  the 
leaf-scar,  I  consider  that  it  would  be  unwise  to  attempt  either  to 
classify  it  with  any  existing  British  species  or  to  give  it  a  specific 
name  of  its  own. 

My  thanks  are  due  to  Miss  Woodward  for  the  figure  with  which 
this  article  is  illustrated,  and  to  Mr.  Newell  Arber,  both  for 
introducing  the  specimen  to  my  notice  and  for  the  interest  that  he 
has  taken  in  this  work. 


IV. — On  a  Collbotion  ot  Tbilobitbs  tbom  thb  Uppkb  Oambbiam 

OT  Shantung,  North  China. 

By  Bjbxby  Woodward,  LL.D.,  P.E.S.,  P.G.S. 

THROUGH  the  kindness  of  my  friend  Mr.  E.  T.  Newton,  P.R.S., 
of  the  Geological  Survey  Museum,  Jermyn  Street,  I  was  placed, 
4n  October,  1902,  in  correspondence  with  the  Bev.  Samuel  Couling, 
M.A.,  of  the  English  Baptist  Mission,  Ching-ohou-fu,  Kiao-ohow, 
North  China,  who  obligingly  transmitted  to  me  several  fossils  which 
he  had  obtained  from  *'  West  Shantung,  and  south  of  Tsing-tshou-fu, 
56°  4^  N.  lat  and  118°  4(y  E.  long."  He  referred  me  to  Bichthofen's 
Atlas,  on  which  the  hills  where  the  fossils  had  been  obtained  are 
marked  <'  Mittel  und  Ober  Sinisch  " — between  Cambrian  and  Silurian 
in  age. 

The  collection,  which  was  added  to  by  Mr.  Couling  a  year  later, 
^jontains  several  portions  of  Trilobites  and  a  slab  entirely  covered 
with  detached  Trilobitic  remains,  reminding  one  of  similar  beautiful 
slabs  (frequently  to  be  seen  in  museums)  from  the  Wenlock  shale  of 
the  Wren's  Nest,  Dudley,  England.  In  addition  to  the  Trilobites, 
there  were  several  Cepbalopods  and  photographs  of  others,  from  the 
same  province.  Some  of  these  straight-shelled  Nautiloids,  collected 
by  Mr.  Couling,  have  already  been  figured  and  described  in  this 
Magazine  by  Mr.  G.  C.  Crick  in  November,  1903,^  and  a  further 
paper  has  been  promised  by  the  same  author.  An  account  of  the 
Trilobites  would  have  followed  some  time  since  (indeed,  figures  had 
been  already  prepared),  but  having  learnt  that  a  similar  collection 
from  Shantung  had  already  been  sent  to  Berlin,  and  published  by 
Herr  H.  Monke  (Berlin),  in  1903,  I  delayed  doing  so  until 
I  was  in  possession  of  a  copy  of  that  paper,  of  which  I  here  subjoin 
an  abstract. 

1  See  Gbol.  Maq.,  Dec«  lY,  YoL  X  (1903),  pp.  481<-485,  PI.  XXII,  cit(^. 
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To  this  I  propose  presently  to  add  a  note  on  the  Trilobitee  and 
upon  some  additional  specimens  collected  by  the  Rev.  S.  Coaling, 
and  to  give  a  photographic  reprodoction  of  a  part  of  the  slab  sent  to 
me  by  him.  AH  the  specimens  (including  the  slab)  have,  by  hifr 
desire,  been  presented  to  the  Geological  Department  of  the  British 
Museum  (Natural  History),  Cromwell  Bead,  S.W. 

The  following  is  an  abstract  of  Herr  H.  Monke's  paper,  entitled: — 
''Contributions  to  the  G^logy  of  Shantung. — I.  Upper  Cambrian 
Trilobites  from  Ten-tsy-yai."  ^ 

The  'Sinische  Formationsreihe '  (Sinic  formation),  as  it  is  called 
by  Von  Riohthofen,^  is  a  series  of  strata  of  from  4000-7000  metrea 
in  thickness,  composed  of  conglomerates,  sandstones,  clay-slates,  and 
limestones,  which  in  Northern  China  covers  the  steeply  inclined 
folds  of  the  Archsdan  formation,  and  which  in  turn  is  covered  almost 
conformably  by  the  Carboniferous  formation.  The  lowest  members 
of  this  series  consist  of  conglomerates  and  coarse  sandstones,  the 
products  of  disintegration  by  the  sec^  transgressing  from  S.E.  to  N.  W. 
These  are  succeeded  in  ascending  order  by  an  alternating  succession 
of  siliceous  limestones  with  arenaceous  or  argillaceous  strata,  and 
finally  by  pure  limestones,  partly  of  a  peculiar,  globulitio  form. 
Accordingly,  we  may  distinguish  between  a  Lower  Sinic  arenaceous, 
a  Middle  Sinic  arenaceo-calcareous,  and  an  Upper  Sinic  calcareous 
division.  Yon  Richthofen  regards  this  series  of  strata  as  belonging 
on  the  whole  to  the  Cambrian,  but  he  is  of  opinion  that  "the 
formation  in  China  extends  much  lower  down  and  therefore  embraces 
a  much  longer  period,  whilst  upwards  it  may  extend  into  the  Lower 
Silurian  without  any  appreciable  break."  * 

[p.  104]  This  view  rests  on  the  results  at  which  Dames  and 
Kayser^  had  arrived  from  the  study  of  numerous  IVilobites  and 
some  Brachiopoda  collected  by  Von  Richthofen  in  the  Upper  Sinic 
Limestones  near  Sai-ma-ki,  Ta-ling,  and  Wu-lo-pu,  in  Liautuug.^ 
According  to  Dames,  who  worked  out  the  Trilobites,  the  fauna  of 
Sai-ma-ki  consists  chiefly  of  two  species  of  the  genus  Conoeephalus, 
whereas  the  genera  Anomocare  (3  species),  Liostraeua  (1  sp.),  and 
Agnosius  (1  sp.)  occur  only  quite  isolated.  Near  Ta-ling  the  lime- 
stones, which  here  are  partly  globulitio,  contain,  with  the  exception 
of  Agno8tu8f  the  same  genera  (4  Conocephalus,  2  Anomocare,  2  lAo- 
8tracu8)f  the  species  being,  however,  different,  with  the  exception  of 
Conocephalu8  frequen8,^  which  is  the  most  common  of  all  in  both 
localities.     Dames  therefore  considers  the  two  faunas  as  essentially 

^  Extracted  from  the  Jahrbuch  d.  kon.  Preuss.  Geolog.  Ijandesanstalt  und  BtTg- 
akademie  for  the  year  1902,  vol.  xiiii,  faac.  1,  pp.  103-151,  Tafol  iii-ii  (Berlin,  1903). 

»  "  China,"  vol.  ii  (1882).     See  especially  pp.  73,  79,  1C7,  223,  316. 

'  Op.  cit.,  p.  108. 

*  **China,'Vol.  iv(1883). 

^  These  three  localities  are  situated  near  the  Corean  frontier:  Ta-ling  about 
.51  kilometreH  north  of  Sai-ma-ki,  and  Wu-lo-pu  about  62  kilom.  north-west  of 
Sai-ma-ki,  or  28  kilom.  west  of  Ta-ling. 

®  The  assumption  on  p.  17  (op.  cit.)  that  Anotnoeare  planum  occurs  likewise  near 
Sai-ma-ki  is,  according  to  pp.  28  and  30,  apparently  a  mistake. 
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oontemporaneons  and  nearly  oorresponding  to  the  horizon  of  the 
Soandinavian  Andraram  Limestone,  and  to  the  lowest  division  of  the 
Potsdam  Sandstone  in  America. 

The  fauna  of  Wa-lo-pn,  on  the  other  hand,  is  charaoterized  by  the 
oew  genus  Dorypyge,  in  addition  to  which  there  are  only  found  the 
genera  lAostracua  (1  sp.)  and  Anomocare  (1  sp.) ;  no  other  species, 
however,  is  in  common  with  the  before-mentioned  faunas.^  With 
the  genus  Dorypyge  Dames  associates  DieeUoeephalua  gothieua  and 
JD.  quadriceps,  from  the  'Quebec  group'  of  Utah,  and  concludes 
therefrom  that  the  strata  of  Wu-lo-pu  are  of  Lower  Silurian  age. 

At  a  later  date  Gottsche'  found  Sinio  strata,  extending  over 
25  kilom.,  in  Corea,  near  the  frontier  towards  Liautung;  above 
{p.  105]  massive  siliceous  sandstones  there  follow  fossiliferous  marly 
sUtes  and  bituminous  limestones,  underlying  massive  and  in  part 
globulitic  limestones,  devoid  of  fossils.  According  to  preliminary 
information,  the  fauna  consists  chiefly  of  Trilobites  of  the  genera 
Agno9tu8,  Dorypyge,  ?  Bemopleuridee,  Conocephalus,  Crepicephalue, 
and  Anomoeare ;  two  species  {Dorypyge  Riehthofeni  and  Anomocare 
planum)  occur  also  in  the  fauna  of  the  Wu-lo-pu,  and  one  (Anomocare 
majue)  in  that  of  Sai-ma-ki.  Accordingly,  Gottsche  places  the  marly 
dates  and  bituminous  limestones  upon  the  same  horizon  as  the 
Andrarum  Limestone,  whilst  he  regards  the  globulitic  limestones, 
devoid  of  fossils,  as  probably  of  Lower  Silurian  age ;  he  therefore 
arrives  at  almost  the  opposite  conclusion  to  Dame8>  who  unites  the 
Dorypyge  strata  of  Wu-lo-pu  with  the  Lower  Silurian,  and  the 
globulitic  limestones  of  Ta-ling,  as  well  as  the  strata  of  Sai-ma-ki, 
with  the  Andrarum  Limestone. 

Walcott,'  who  places  Dicellocephalue  gothicus  and  D,  quadriceps  in 
the  genus  Olenoides  (Middle  Cambrian),  and  considers  Dorypyge  to 
be  synonymous  with  Olenoides,  regards  the  whole  of  the  *  fauna  of 
Liautung'  as  Middle  Cambrian,  and  views  the  Sinio  strata  as 
a  development  of  the  Cambrian,  entirely  corresponding  to  that  of  his 
'Rocky  Mountain  province'  of  Western  America.  This  view  is  shared 
on  the  whole  by  Trech  ^ ;  he,  however,  retains  Dorypyge  as  distinct 
from  the  Lower  and  Middle  Cambrian  genus  Olenoides,  though 
admitting  their  near  relationship ;  he  also  quite  correctly  separates 
the  various  faunas  of  Liautung.  The  Dorypyge  strata  of  Wu-lo-pu 
are  held  to  be  older  than  the  Middle  Cambrian  limestones  of  Sai-ma-ki 
and  Ta-ling.  Walcott,^  having  in  the  meantime  made  known  a  true 
Dorypyge  from  the  Lower  Cambrian  of  America,  Trech  points  out 
that   the   Dorypyge   strata  of  Wu-lo-pu    may   be   even   of  Lower 


*  Dorypyge  Riehthofeni  is  friven  on  p.  27  as  occurring  also  at  Ta-ling ;  this  in 
opposition  to  the  remarks  contained  on  p.  31  ;  however,  on  some  specimens  in  the 
collection  of  the  *  Museum  fiir  Naturkunde,*  this  locality  has  been  altered  by  Dames 
himself  into  *  Wu-lo-^u.' 

*  *' Geologische  Skizze  von  Korea":  Sitz. -Ber.  d.  Ak.  d.  "Wisjs.  z.  Berlin, 
Jg.  1886,  p.  857. 

*  Correlation  papers,  Cambrian:  Bull.  U.S.  Geol.  Surv.,  No.  81,  1891,  p.  377. 

*  Leth.  geogn.,  vol.  ii,  pt.  1,  1897,  p.  68. 

'  10th  Ann.  Rep.  U.S.  Geol.  Surv.,  p.  644. 
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Cambrian  age.  Matthew,^  however,  maintains  the  Middle  Cambrian 
[p.  106]  age  of  the  Chinese  Dorypyge,  but  regards  this  genus  in 
a  larger  sense,  viz.,  as  including  in  part  Olenoidei,  In  aooordanoe 
with  this  view  Dorypyge  would  make  its  appearance  in  the  Lower 
Cambrian,  attain  its  acme  in  the  Middle,  and  extend  also  into  the 
Upper  Cambrian. 

Kecently  Bergeron'  has  described  a  sandstone  and  a  limestone 
slab  from  China,  which  exhibit  remains  of  a  quite  peculiar  new 
fauna.  The  sandstone  slab  comes  from  the  mountains  north  of 
Toung-yen-Fon,  from  a  nearly  vertically  elevated  oomplex  of  strata, 
with  horizontally  deposited  Sinic  sandstones  overlying  them;  the 
slab  contained  only  a  few  remains  of  a  new  genus  of  TrilobiteSr 
Ar{hricocephalu8.  Bergeron  does  not  pronounce  on  the  geological 
age  of  the  stratum ;  but  from  the  stratigraphical  relations  and  from  the 
diagrammatic  sketch  of  Arthrieoeephalus  (op.  cit,  p.  615,  text-fig.  9), 
a  Lower  Cambrian  or  even  a  pre-Cambrian  age  may  be  assumed. 

The  limestone  slab,  which  had  been  bought  from  a  dealer  in 
curiosities  in  Peking,  and  was  said  to  come  from  the  mountains  to 
the  north  of  that  city,  is,  according  to  the  photographic  illustration 
(op.  cit,  pi.  xiii),  completely  covered  with  remains  of  Trilobites, 
referred  by  Bergeron  to  the  genera  Agnostus  (Regii  group),  ?  Calym- 
mene,  OlenoideB,  ?  Dicellocephalua,  and  to  the  new  genus  J)repanura. 
From  what  will  be  said  further  on,  the  correct  determination  of  the 
Agnoatui  and  Olenoides  may  be  doubted ;  it  is  precisely  from  these 
forms  tliat  Bergeron  concludes  the  Peking  slab  to  be  of  Middle 
Cambrian.  Concerning  the  strata  of  Liautung,  Bergeron  is  of  opinion 
that  they  cannot  be  with  certainty  referred  to  the  Middle  Cambrian ; 
in  his  opinion  neither  is  Dorypyge  (generically  different  from 
Olenoides),  nor  are  Conocephalus,  Anomocare,  and  lAostracns  charac- 
teristic of  this  horizon.  Moreover,  in  his  view,  the  Agnoatus  (from 
Sai-ma-ki)  is  a  member  of  the  *  Longifrontes/  which  is  supposed  to 
have  been  "  trouvi^  a  un  niveau  inferieur  d  celui  des  Dorypyge  "  (from 
Wu-lo-pu),  is  suggestive  of  the  Dpper  Cambrian,  where  this  group 
is  said  to  reach  the  maximum  of  its  development. 

[p.  107]  Considering  these  divergent  views  on  the  age  of  the 
Sinic  strata,  as  well  as  the  imperfect  knowledge  of  their  faunas,  we 
are  under  great  obligation  to  Herr  Bergmeister  F.  Koerfer  for 
having  collected,  amongst  others,  numerous  slabs  from  the  Upper 
Sinic  Limestones  with  well-preserved  fossils.  The  collections  were 
handed  over  to  the  Eoyal  Prussian  Geological  Survey  and  '  Berg- 
akademie,'  by  whom  Herr  H.  Monke  states  he  has  been  entrusted 
with  the  examination  of  the  fossils.  One  particularly  well- 
preserved  slab  (reproduced  on  pi.  ix)  had  been  presented  to 
Baron  v.  Eichthofen ;  this,  he  says,  has  also  been  kindly  entrusted 
to   him.      The    Sinic    fossils  come   from    two    separate   localities, 

*  Studies  on  Cambrian  Faunas:  Trans.  R.  Soc.  Canada,  ser.  ii,  vol.  iii  (1897)> 
p.  186 ;  and  vol.  v  (1899),  pp.  66,  62. 

2  **Etudo  de  quelques  Trilobites  de  Chine":  Bull.  Soc.  g^ol.  France,  s^r.  in, 
t  2/ (1899),  p.  499. 
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aDg-tflohnang  and  Ten-tsy-yai,   in    the    provinoe  of   Shantung, 

in   strata  which  petrographioally  and  fannistioally  are  totally 

Nothing  is  known  about  the  partioulara  of  the  deposits, 

en-tsy-yai  not  having  been  visited  by  Herr  Eoerfer,  nor,  indeed, 

by   any  European^;    the    indication    of  the  locality  rests  solely 

on    the  information  of  the  Chinese,  from  whom  the  slabs  were 

purchased.       In  his  report'  Herr  Eoerfer  makes  the  following 

remark  on  this  point:    "The  Palaeozoic  strata  begin  in  Shantung 

liriih  an  alternation  of  siliceous  limestones,  reddish  clay-slates,  and 

red  or  yellow  sandstones.     On  this  complex  of  strata,  called  Middle 

Sinio  by  Yon  Richthofen,  follows  the  Upper  Sinic  formation,  which 

ia  oomposed  almost  exclusively  of  massive  beds  of  limestone,  and 

[j>.  108]  contains  numerous  fossils  of  the  primordial  fauna.     Two 

deposits  deserve  special  mention.      The  one  is  situated  near  the 

^village  Wang-tsohuang  (between  Mong-yin-hsien  and  Ichui-hsien), 

^here  limestone  beds  densely  filled  with  Trilobites  are  to  be  found 

at  about  200  metres  above  the  limit  of  the  Middle  Sinic  formation 

of  the  Valleys.      The  fossils  correspond   completely   with    those 

collected  at  Liautung  by  Yon  Eiohthofen.'    The  second  deposit  is 

situated  one  day's  journey  to  the  north-west  of  Wang-tschuang,  near 

the   village   Ten-tsy-yai,   whence  beautiful  slabs   with  Trilobites 

(styled '  petrified  swallows  '^  by  the  Chinese)  are  put  into  commerce. 

These  are  more  recent  Trilobites  than  those  of  Wang-tsohuang,  and 

probably  Upper  Silurian '  in  age." 

Finally,  the  Shantung  Bergbau  Gesellscbaft  at  Berlin  presented 
to  the  Museum  of  the  Geological  Survey  and  Bergakademie  two 
limestone  slabs  exactly  corresponding  with  those  from  Yen-tsy-yai, 
and  derived,  according  to  Herr  Bergassessor  Krause,  from  the 
mountainous  district  N.N.E.  of  Mong-yin-hsien,  which  agrees  with 
the  information  reported  above.  Unfortunately  (owing  to  an  assault 
made  upon  him  by  the  Chinese),  Herr  Krause  had  to  leave  behind 
the  majority  of  his  geological  collections. 

Herr  H.  Monke  then  proceeds  to  describe  the  Trilobite-bearing 
limestones  and  shales  of  the  Yen-tsy-yai ;  and  he  states  that  there 
will  be  given  in  a  later  paper  descriptions  of  the  Brachiopoda  of 
Yen-tsy-yai  and  of  the  fauna  of  Wang-tschuang,  together  with  the 
general  results. 

^  After  the  terminatioii  of  the  present  memoir  I  have  recelTod  the  information 
that  Herr  Bergassessor  Axt  has  oeen  commissioned  hy  the  Schantung  Berghau 
Gesellschaft  at  Berlin  to  survey  the  neighbourhood  of  Ten-tsy-yai.  The  results  of 
his  inreetigations  wiU  he  reported  on  a  future  occasion. 

'  **  Geologische  Skizze  aer  ProTinz  Schantung  unter  Benutzung  der  Karte  Yon 
F.  Y.  Richthofen,"  Berlin,  1891.  Printed  in  the  Imperial  T^-pography ;  4  pp.  and 
a  map.  (Short  preliminary  notice  in  Zeitschr.  d.  Deutech.  geol.  Ges.,  vol.  lii,  1900, 
Yerh.,  p.  109.) 

*  This  is  not  correct. 

*  Drepanura  JPremesniHf  Bergeron,  and  D.  Ketteleri^  H.  Monke. 

{To  be  continued.) 
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v.— The  Ogoubrbnoe  of  Glaoial  Olat  oh  thb  Cottbswold 

Platkau. 

By  C.  Callaway,  D.Sc.,  F.O.S. 

MB.  L.  RICHARDSON,  F.G.S.,  having  informed  me  that  he  had 
seen  gravels  at  a  high  level  on  the  road  leading  from  Stow- 
on-the-Wol(l  to  Burford,  I  visited  the  looalitj,  aooompanied  by 
Mr.  J.  W.  Gray,  F.G.S.  About  Si  miles  north  of  Burford,  at  the 
oomer  of  the  turning  to  Tangley,  we  oame  upon  a  deposit  of  oiay 
with  northern  erratics  in  a  quarry  of  oolite.  As  the  position  of  such 
a  formation  was  unexpected,  and  might  be  important,  it  seems 
desirable  to  record  the  discovery. 

The  Locality. — The  deposit  lies  on  the  Cotteswold  platean,  near 
its  eastern  margin,  about  midway  between  Cheltenham  and  Oxford, 
and  about  the  same  distance  (18  miles)  south-by-east  of  Meon  Hill, 
the  most  northerly  spur  of  the  Cotteswolds.  The  elevation  b 
approximately  650  feet  above  O.D.,  and  350  feet  above  the  river 
Evenlode,  which  lies  2^  miles  to  the  east  The  section  is  on  a  spar 
of  Oolite  about  G  miles  long,  projecting  from  the  mass  of  Tainton  and 
Shipton  Downs,  to  the  north-north-west,  and  then  curving  round  to 
the  north-west,  rising  towards  its  northerly  termination  to  over 
800  feet  in  Wyck  Beacon.  From  the  quarry  the  ground  slopes 
rather  sharply  in  both  directions,  to  the  Evenlode  on  the  east,  to 
a  tributary  of  the  Windrusli  on  the  west ;  so  that  the  day  lies  on 
the  very  apex  of  a  pent-house  ridge. 

The  Clay, — The  rock  for  which  the  quarry  is  worked  is  Great 
Oolite.  It  has  been  excavated  along  a  north  and  south  line  parallel 
with  the  road  for  perhaps  50  yards,  exposing  a  vertical  section 
whose  maximum  height  is  about  10  feet.  The  strata  dip  gently  in 
a  westerly  direction.  The  rock  is  much  fissured,  the  fissures  being 
very  irregular,  so  that  at  some  points  they  broaden  out  at  the  top 
into  wide  pockets,  while  in  others  they  are  little  more  than  open 
joints.  Some  of  the  narrow  ones  go  down  to  the  foot  of  the  oli£f. 
All  the  fissures  are  packed  tight  with  clay.  It  has  found  its  way 
not  only  down  to  the  lower  end  of  vertical  fissures  two  inches  wide, 
but  even  horizontally  into  clefts  of  less  than  half  of  that  width. 

The  clay  is  stiif  and  hard.  It  is  of  two  kinds,  grey-blue  and 
brown,  the  former  more  compact  and  finer-grained  than  the  other. 
They  are  irregularly  intermixed,  without  the  faintest  indication  of 
bedding  or  lamination.  The  diiference  of  colour  is  original,  and  not 
the  result  of  chemical  change  subsequent  to  the  intrusion  of  the  clay. 
Thia  is  seen  in  bulk-analysis  and  microscopic  examination. 

The  blue  clay,  triturated  with  water  in  a  test-tube  repeatedly,  and 
allowed  to  settle,  appears  to  the  naked  eye  an  almost  pure  clay  of 
extremely  fine  texture.  It  gives  no  eifervescence  with  acid. 
Examined  with  a  one-inch  objective,  the  bulk  of  the  material  is  still 
seen  to  be  very  minute,  but  is  mixed  with  a  small  proportion  of 
larger  particles  of  two  kinds,  (1)  brown  sand  and  (2)  very  small 
granules  and  microliths  of  clear  minerals,  some  of  which  have  a  high 
refractive  index. 
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The  brown  olay,  treated  in  the  same  way,  presents  very  marked 

<liff6r8uoe8.     More  than  one-half  of  it  is  a  quartzose  sand  of  angular 

^d  subangular  grains  stained  with  a  reddish-brown  oolonr,  the 

iBtnainder  being  a  pale-red  olay  with  a  small  proportion  of  minute 

dear  minerals. 

The  ErraUce. — These  are  of  all  sizes  up  to  3  inch  diameter.  The 
following  are  the  ohief  varieties  : — 

(1)  Quartz,  very  much  rolled. 

(2)  Quartzite,  (a)  white  and  (6)  grey,  well  rolled. 

(3)  Chert,  (a)  white,  (b)  grey,  with  impressions  of  small  enorinite 

stems,  and  (c)  banded  blaok  and  white ;  not  so  well  rolled 
as  the  quartz  and  quartzite  ;  some  specimens  subangular. 

(4)  Coarse  quartzose  grits,  grey  and  reddish  (?  Millstone-grit) ; 

well  rounded. 

(5)  Flints,  (a)  brown  with  white  crust,  (6)  white  (?  weathered) ; 

rounded  and  subangular  ;  1  to  2  inches  diameter. 

(6)  Brown  ironstone  (?  Lias  Marlstone),  small,  subangular. 

(7)  Grey  oolite,  subangular  fragments  and  numerous  spherioal 

grains. 

(8)  fieddish-brown  iron-shot  oolite ;  locality  not  identified,  though 

a  specimen  was  submitted  to  several  experts. 

Ikrivaiiath  of  the  Materiah,  —  The  origin  of  the  clays  is  not 
'determined  with  certainty.  The  blue  variety  suggests  the  Lower 
^ias,  while  the  red  sandy  clay  may  have  been  derived  from  Keuper 
^arls  and  Sandstone. 

The  pebbles  of  quartz  and  quartzite  have  almost  certainly  come 
Wrom  Triassic  conglomerates  north  of  the  Cotteswold  area.  The 
cherts  and  grits  are  presumably  Carboniferous,  and  may  have 
travelled  from  Derbyshire.  For  the  flints  a  north-easterly  origin  is 
probable.  The  ironstone  and  oolites,  with  perhaps  the  blue  olay,  are 
the  only  materials  that  appear  to  be  of  local  derivation. 

Some  light  is  thrown  upon  the  derivation  of  the  erratics  by 
a  study  of  the  deposits  which  occupy  the  Evenlode  valley  and  the 
northerly  extension  of  its  axis  along  the  valley  of  the  Stour,  which 
drains  into  the  system  of  the  Warwickshire  Avon.  Commencing  at 
the  southern  point,  we  observe  exposures  of  sand  and  clay  at  Milton- 
under-Wychwood,  a  mile  and  a  half  east  of  our  Tangley  section, 
about  250  feet  lower  than  the  section,  100  feet  above  the  Evenlode  at 
Shipton,  and  400  feet  above  CD.  The  highest  deposit  is  near  the 
road  at  Upper  Milton.  It  consists  of  sands,  brown  and  grey  inter- 
bedded,  excavated  to  a  depth  of  10  feet,  and  overlain  by  from  1  to 
3  feet  of  brown  clay  containing  quartz  pebbles  and  small  angular 
flints.  There  is  a  similar  clay  in  a  field  to  the  east  at  a  little  lower 
level.  It  is  3  to  4  feet  thick,  and  is  traversed  by  a  rough  vertical 
jointing.  Shaken  up  in  water,  it  is  seen  to  resemble  the  brown  clay 
of  the  Tangley  section.  About  100  yards  distant  is  a  section  of 
clay,  with  quartzite  pebbles,  overlying  a  gravel  of  small  angular 
pieces  of  oolite,  underlain  by  red  sand.  It  will  be  noticed  that  the 
-uppermost  layer  in  these  three  sections  is  a  brown  sandy  clay,  not 
dissimilar  to  the  brown  clay  of  the  ridge  above. 
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Passing  northwards  up  the  valley,  we  oome  to  Kingham,  4  miles- 
north  of  Shipton.  Here  is  exposed  a  good  seotion  of  oolite-gravel^ 
with  interbedded  seams  of  oolite-sand.  The  fragments  are  water- 
worn.  Scattered  through  the  mass  are  some  well-rounded  pebbles- 
of  quartz,  quartzite,  and  quartzose  grit,  with  some  bits  of  ironstone. 
Towards  the  top  of  the  section  a  few  of  the  quartzite  pebbles  have 
their  longer  axes  vertieaL  Two  miles  further  up  the  valley,  east  of 
Adlestrop  station,  there  are  arenaoeous  gravels,  oontaining  many 
flints,  some  of  them  of  large  size.  Near  Evenlode,  If  miles  due 
north,  is  the  boulder  of  MilLstone-grit  indicated  on  the  Gteologioal 
Survey  Map.  Its  dimensions  are  20  by  14  by  14  inches.  It  i» 
well  rounded. 

The  well-known  gravels  of  Moreton-in-the-Marsh  are  2^  miles 
further  to  the  north-west.  They  lie  near  the  water-parting  of  the 
Evenlode  and  the  Stour,  at  an  elevation  of  about  '425  feet  above  O.D. 
The  sandy  matrix  contains  numerous  large  and  small  unworn  flints 
and  well-rounded  quartzite  pebbles,  with  an  inconspicuou^proportion 
of  igneous  and  other  rocks.  Many  of  the  flints  and  pebbles  lie  with 
their  longer  axes  vertical.  The  valley  to  the  north  of  Moreton  is 
thickly  strewn  with  similar  materials.  I  also  observed  boulders  of 
Carboniferous  Limestone,  grey  felsite  or  homstone,  and  other  erratics. 
W.  C.  Lucy  ^  describes  the  gravels  of  this  district,  and  he  notes  the 
occurrence  of  other  foreign  derivatives,  including  white  chalk  and 
red  chalk.  I  have  shown  some  of  the  latter  to  Mr.  W.  Whitaker, 
and  he  admits  the  accuracy  of  the  identification. 

The  origin  of  the  Moreton  gravels  has  been  discussed.'  Mr.  S.  S. 
Buckman  leans  to  the  opinion  that  they  were  deposited  by  a  river, 
when  the  surface  features  of  the  country  were  widely  different  The 
abundance  of  flints,  with  a  less  proportion  of  white  and  red  chalk, 
would  seem  to  point  to  a  derivation  from  Lincolnshire  or  Yorkshire, 
but  it  is  difficult  to  conceive  of  a  downward  flow  from  that  direction 
to  the  Cotteswold  Hills  in  later  Tertiary  times.  This  hypothesis 
appears  also  to  be  inconsistent  with  the  enormous  abundance  of 
large  unworn  flints  north  of  Moreton  as  compared  with  their 
scarcity  south  of  that  point.  Mr.  T.  Mellard  Beade  is  disposed  to 
attribute  the  formation  of  the  Moreton  gravels  to  floating  ioe  in  the 
Glacial  Epoch.  Some  form  of  the  ice-theory  is,  I  think,  necessary 
to  explain  the  facts.  Ice  in  the  Midland  area  moving  southwards 
might  well  be  arrested  by  the  projecting  mass  of  the  North  Cottes- 
wolds,  and  morainic  matter  would  accumulate  at  the  opening  of  the 
Moreton  gorge. 

The  Tangley  section  also  appears  to  me  inexplicable  except  as  the 
product  of  ice-action.  It  lies  on  the  summit  of  the  ridge,  and  the 
materials  could  not  have  been  river-borne  in  Glacial  or  post-Glacial 
times.  The  clay  is  quite  unlike  an  ordinary  sediment :  not  only  is 
lamination  absent,  but  the  two  kinds  of  clay  are  intermixed  in  the 
most  irregular  manner  without  being  blended  with  each  other. 
They  are  both  traversed  by  numerous  slickensides,  some  of  which 

»  Proc.  Cotteswold  Nat.  Field  Club,  vol.  v,  pp.  71-142. 
2  Ibid.,  vol.  xiv,  pp.  111-118. 
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marked  with  parallel  striations  and  grooves,  as  if  portions  of  olay 
moved  over  each  other.  It  is  diffioalt  to  resist  the  conclusion 
the  day  has  not  been  deposited  in  the  fissures  by  water,  but  has 
introduced  by  pressure  when  in  a  partially  consolidated  oon- 
dition.  An  ice-sheet  pushing  forward  clayey  morainic  material 
^Slight  have  conceivably  produced  the  e£fect,  but  I  hesitate  to  pro- 
xi.oance  a  definite  opinion  on  such  a  limited  section. 

W.  C.  Lucy  remarks^  that  clay  containing  quartz  pebbles  is 
acattered  **  nearly  all  over  the  Cotteswold  range,"  sometimes  up  to 
^  thickness  of  3  feet,  and  often  filling  pockets  in  the  oolite. 

The  boulders  and  some  of  the  gravels  and  clays  found  in  the 
Xivenlode  valley  between  Shipton  and  Moreton  tend  to  confirm  the 
evidence  of  the  Tangley  section  by  suggesting  the  agency  of  ice,  at 
least  as  far  south  as  Tangley,  at  lower  levels. 

Since  writing  the  above,  I  have  referred  to  Mr.  David's  paper ' 
**  On  the  Evidence  of  Olacial  Action  in  South  Brecknockshire  and 
XSast  Glamorganshire."  He  describes  the  shattering  of  rocks  by 
ioe-action,  and  states  that  "boulder-clay  has  been  forced  into  the 
shattered  strata  to  a  depth  of  12  feet  at  least." 

I  trust  that  these  notes  will  attract  to  the  district  the  attention  of 
^ose  who  have  made  a  special  study  of  glacial  phenomena. 


VI. — On  Eabth-Shakes  in  Mining  Distbiots. 

By  Cha&lbs  Davison,  Sc.D.,  F.G.S. 

THE  term  'earth-shake'  has  been  applied  to  local  disturbances 
of  the  earth  which  owe  their  origin,  either  in  part  or  wholly, 
to  artificial  causes.  Typical  examples  of  earth-shakes  are  those 
which  are  occasionally  felt  at  Sunderland  and  other  places  on  the 
magnesian  limestone  of  the  Durham  coast,  and  which  have  been 
attributed  by  Prof.  Lebour  to  rock-falls  in  underground  channels, 
enlarged  no  doubt  by  pumping  in  connection  with  the  local  water- 
supply.'  Other  examples  are  the  shocks  frequently  felt  in  mining 
districts,  and  either  caused  or  precipitated  by  mining  operations. 
Earth-shakes  of  this  class  have  occurred  in  the  Rhondda  Valley  in 
Glamorganshire  on  June  22,  1889,  April  11  and  May  2,  1894,  and 
October  16, 1896  ;  in  the  neighbourhood  of  Camborne  on  June  4  and 
10,  1902 ;  at  Pendleton,  near  Manchester,  on  February  27,  1899, 
and  AprU  7, 1900;  at  Kilsyth  in  Stirlingshire  on  February  16, 1898, 
and  in  various  other  districts. 

The  last  group  of  earth-shakes  are  found  to  possess  certain  features 
in  common : — 

(1)  The  disturbed  area  is  small,  from  one  to  five  miles  in  diameter ; 
and,  as  a  rule,  the  boundary  is  approximately  circular  in  form. 

*  Ibid.,  vol.  vii,  pp.  60-61. 

'  Quart.  Journ.  Geol.  Soc.,  1883,  p.  39. 

*  *'  On  the  Breccia-gashes  of  the  Durham  Coast  and  some  Recent  Earth-shakes 
at  Sunderland,"  North  of  England  Inst,  of  Min.  £n^.  Trans.,  vol.  xxxiii,  1884, 
pp.  165-174;  '^  On  some  Recent  Earthquakes  on  the  Durham  Coast  and  their 
probable  Cause,"  Geol.  Mao.,  Vol.  II,  1885,  pp.  513-515. 
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(2)  The  intensity  of  the  shook  is  great  near  the  oentie  of  the  area» 
and  dies  away  rapidly  towards  the  boundary. 

(3)  The  shook  and  sound  are  of  short  duration,  the  sound  in  four 
out  of  every  five  reoords  being  compared  either  to  the  fall  of  a  heavy 
body  or  to  an  explosion. 

We  may  infer,  from  these  facts,  that  the  centre  of  distarbanoe  is 
situated  at  a  very  slight  depth  below  the  surface,  and  also  that  it  is, 
as  a  rule,  of  small  dimensions.  Falls  of  rook  in  pit- workings  would 
satisfy  these  conditions  and  would  produce  shocks  very  similar  to 
those  observed,  but  none  was  found  on  any  of  the  above  occasions. 
Many  rook-falls  are  caused  or  accompanied  by  disturbances  known 
in  the  StafifordHhire  Colliery  districts  as  '  bumps '  or  '  goths.*  They 
are  probably  due  to  '*  the  sudden  release  by  fracture  of  a  state  of 
tension  in  the  strata  either  pre-existent  or  brought  about  by  the 
mine-workings."  ^ 

Another  probable  cause  of  earth-shakes  in  mining  districts  is  that 
suggested  in  a  recent  paper  in  this  Magazine.'  It  is  noticeable  that, 
in  all  the  above  cases,  the  centres  of  the  disturbed  areas  lay  close 
to  faults ;  and  those  of  the  Pendleton  earth-shakes  were  on  the 
downthrow  side  of  the  Irwell  Valley  fault,  the  coal  having  been 
worked  away  right  up  to  the  fault.  By  the  withdrawal  of  the  coal, 
the  rock  above  is  deprived  of  most  of  its  support,  and  tends  to  sink 
down  and  close  up  the  worked-out  seam.  Especially  would  this  be 
the  case  in  the  neighbourhood  of  a  fault,  where  a  series  of  small 
fault-slips  would  take  place,  each  giving  rise  to  a  shock,  violent  in 
the  district  immediately  above  it  but  rapidly  fading  away  in  strength, 
and  as  a  rule  of  brief  duration  and  disturbing  a  nearly  circular  area. 

Direct  proof  of  the  occurrence  of  such  semi-artificial  fault-slips 
could  no  doubt  be  afforded  only  by  careful  and  prolonged  observation 
aud  experiment ;  but  indirect  evidence  supporting  the  above  ex- 
planation is  furnished  by  three  recent  earth-shakes,  those  of  Blisland 
(Cornwall)  on  August  25,  1895,  of  Camborne  on  June  4,  1902,  and 
of  Barnsley  on  October  25,  1903. 

Blisland  Earth-Shake:  August  25,  1895. 

Time  of  occurrence,  about  12.30  p.m. ;  intensity,  4  ;  epicentre,  in  lat.  50°  31 'Q*  N., 
lonff.  4°  40*9'  W. ;  number  of  records,  20,  from  19  places,  and  negative  records  from 
2  places. 

The  Blisland  earth -shake  has  already   been  described   in   this 

*  TV.  N.  Atkinson,  Report  of  H.M.  Inspector  of  Mines  for  the  Stafford  Di«itrict 
for  the  year  1903,  p.  15.  Mr.  Atkinson  remarks  that  the  terms  *  bump,'  *  goth,'  etc., 
refer  to  '*a  sort  ot  explosion  or  eructation  in  the  strata  which  in  some  cases  is  so 
severe  as  to  be  comparable  to  local  earthquakes.  They  occur  chiedy  in  thick  and 
deep  seams,  and  var}'  greatly  in  intensity  both  as  to  sound  and  effect  on  the  strata. 
The  sound  is  oft^n  compared  to  that  of  a  shot,  and  appears  to  occur  sometimes  in  the 
coal  iti»eli  and  sometimes  in  the  strata  overhead  ;  in  heavy  bumps  the  sound  is  more 
like  thunder.  The  eHect  of  the  bumps  on  the  strata  varies  greatly ;  in  slif^ht  cases 
there  is  no  observable  effect  except  the  sound ;  when  more  severe  there  ia  vibration, 
and  tails  of  roof  may  take  place,  or  coal  be  burst  off  the  face ;  in  severe  cases  timber 
is  broken  or  reeled  out,  and  the  mine  apnears  to  be  about  to  collapse.  In  some  caserf 
the  rioor  bursts  up  instead  of  the  roof  falling.** 

»  Geol.  Mao.,  Vol.  VII,  1900,  pp.  174-177 ;  Vol.  VIII,  1901,  p.  361. 
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M^^axtne.^    It  diBtnrbed  a  small,  bat  elongated  area,  6  miles  long, 

neiriy  2  miles  wide,  and  containing  9  square  miles.     Its  oentre  is 

half  a  mile  north  of  Blisland,  and  the  direction  of  its  longer  axis 

£  5^  N.  and  W.  5^  S.    The  shook  was  merely  a  slight  tremor,  of 

iotensity  4u    The  sound  was  heard  by  all  the  observers,  and  was 

oompared  to  passing  trains,  etc.,  in  33  per  oent  of  the  records,  to 

thonder  in  47,  and  to  explosions  in  20,  per  oent     The  beginning 

and  end  of  the  sonnd  ooincided  either  quite,  or  very  nearly,  with  the 

beginning  and  end  of  the  shook.      No  faults  are  traoed  on  the 

Geological  Survey  map  in  the  neighbourhood  of  the  disturbed  area ; 

buty  cloee  to  the  centre  and  southern  boundary  of  the  area,  are  several 

wries  of  elvan  dykes  which  run  almost  parallel  to  the  longer  axis  of 

the  disturbed  area. 

Oambormk  Eabth-Shakb  :  Junk  4,  1902. 

Time  of  ooeoiTence,  10.30  p.m. ;  intensity,  5;  epicentre,  in  lat.  60^  13*4'  N., 
long.  5°  lO'G*  W. ;  number  of  records,  22,  from  12  places,  and  30  negatiye  records 
ftam,  22  places. 

The  area  affected  by  this  earth-shake  is  shown  in  Fig.  1.     The 

boundary,  as  drawn,  is  elliptical  in  form,  4^  miles  long,  3  miles 

wide,  and  about  10  square  miles  in  area;   the  oentre  being  about 

one  mile  north-east  of  the  oentre  of  Oamborne.     It  is  possible^ 
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Fio.  1. — Area  of  the  Camborne  Earth-shake. 

however,  that  the  boundary  should  extend  a  short  distance,  perhaps 
as  mnch  as  half  a  mile,  farther  to  the  west,  for  there  are  no  negative 
records  from  the  district  immediately  to  the  west  of  Camborne.  The 
direction  of  the  longer  axis  is  N.  24''  W.  and  S.  24""  £. 

*  GiOL.  Mao.,  Dec.  IV,  Vol.  VII,  1900,  pp.  164-166. 
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The  shook  oonsisted  of  one  prominent  vibration,  like  that  prodaoed 
by  the  fall  of  a  heavy  weight,  followed  by  a  tremulous  motion  lasting 
for  one  or  two  seoonds.  The  sound  was  heard  by  all  the  observers. 
In  15  per  cent,  of  the  records  it  was  oompared  to  passing  vehicles, 
etc.,  in  8  per  cent  to  thunder,  in  31  to  loads  of  stones  falling,  in 

15  to  the  fall  of  a  heavy  body,  in  23  to  explosions,  and  in  8  per  oent 
to  miscellaneous  sounds  ;  three  out  of  every  four  comparisons  being 
to  types  of  brief  duration.  In  nearly  every  case  the  terminal  epochs 
of  the  sound  coincided  with  those  of  the  shock. 

If  the  earth-shake  were  due  to  fault-slipping,  the  fault  must  run 
from  about  N.  24°  W.  to  S.  24°  E.  and  pass  a  short  distance,  between 
half  a  mile  and  a  mile,  to  the  north-east  of  Camborne.  As  to  the 
hade  of  the  originating  fault  there  is  no  evidence  furnished  by  the 
^arth-shake.  Of  the  three  faults  shown  on  the  map  (Fig.  1)  the 
more  westerly  one  closely  satisfies  the  assigned  conditions.  It  is 
the  '  great  cross  course '  of  the  Dolcoath  Mine,  and  passes  through 
a  point  about  f  of  a  mile  north-east  of  Camborne  in  a  direction  from 
N.  33°  W.  to  S.  33°  E.,  heaving  the  Dolcoath  Lode  140  yards  to  the 
south.  The  hade  of  the  fault,  as  Mr.  H.  P.  Vivian  kindly  informs 
me,  is  practically  zero. 

Barnslby  Eabth-Shakk  :  Ootobeb  25,  1903. 

Time  of  occurrence,  11.5  p.m.;  intensity,  7;  epicentre,  in  lat.  53°  31*3'  N., 
long.  1°  28'2'  W. ;  number  of  records,  13,  from  9  places,  and  12  negative  records 
from  10  places. 

As  in  the  two  preceding  shocks,  the  disturbed  area  (Fig.  2)  is 
elliptical  in  form.     It  is  5|  miles  long,  3^^  miles  wide,  and  contains 

16  square  miles.  Its  centre  is  almost  coincident  with  the  village  of 
Worsborough,  and  the  direction  of  its  longer  axis  is  N.  38°  W.  and 
8.  38°  E. 

The  intensity  of  the  shock  was  7  at  Worsborough  and  Hoyland, 
6  at  Worsborough  Bridge  and  Barnsley,  and  from  these  places  it 
died  away  rapidly  towards  the  boundary.  The  shock  consisted  of 
a  single  series  of  vibrations  lasting  from  3  to  5  seconds.  The  sound 
was  also  of  brief  duration,  being  compared  either  to  the  fall  of 
a  heavy  body  or  to  thunder.  In  the  pit  at  Worsborough  it  was 
mistaken  for  that  of  an  explosion. 

As  will  be  seen  from  the  map,  there  are  several  faults  which  are 
parallel,  or  nearly  so,  to  the  longer  axis  of  the  disturbed  area.  The 
faults  are  indicated  by  broken  lines,  except  one,  which  is  in  part 
continuous.  This  fault  hades  to  the  north-east,  its  direction  in  the 
central  portion  of  the  disturbed  area  is  N.  41°  W.  and  S.  41°  E.,  and 
its  course  at  the  surface  is  on  the  south-west  side  of  the  epicentre. 
It  thus  satisfies  the  observed  conditions,  and  satisfies  them  more 
closely  than  any  other  fault. 

The  curved  line  on  the  map  (Fig.  2)  represents  the  outcrop  of 
the  Barnsley  Coal-bed  within  the  disturbed  area.  At  the  Barrow 
•colliery,  which  is  the  nearest  to  Worsborough,  the  depth  of  the 
bed  is  about  100  yards.  Mr.  R.  Richardson,  the  manager  of  the 
colliery,  kindly  informs  me  that  practically  the  whole  of  the  ooal  in 
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this  seam  has  been  worked,  and  that,  under  the  area  affected  by  the 
6arth-8bake,  it  has  been  exhausted  for  at  least  eight  or  nine  years. 
The  Parkgate,  Thomcliffe,  and  Silkstone  seams,  which  are  at  depths 
of  about  260,  300,  and  360  yards  respectively,  below  the  Bamsley 
bed,  have  also  been  worked  largely. 
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Fio.  2. — Area  of  the  Barnsley  Earth-shake. 

The  areas  disturbed  by  these  three  earth-shakes  are  unusually 
large  for  this  class  of  disturbance.  It  would  appear,  then,  that  the 
boundary  of  the  disturbed  area  is  approximately  circular  in  form 
when  the  area  is  small  and  the  shock  of  slight  intensity ;  but,  when 
the  shock  is  strong  and  the  disturbed  area  comparatively  large,  the 
form  of  the  boundary  is  distinctly  elliptical,  and  the  longer  axis  of 
the  ellipse  is  parallel  to  the  neighbouring  lines  of  fault. 

The  evidence  of  these  shocks  thus  supports  the  view  that  earth- 
shakes  in  mining  districts  are  produced  by  small  fault-slips  pre- 
cipitated by  the  removal  of  the  coal  from  the  immediate  neighbourhood 
of  the  fault,  or  partly,  perhaps,  as  Mr.  Richardson  has  suggested  to 
me,  by  the  lowering  of  the  water  in  that  region  by  pumping  in 
other  parts  of  the  mine.  In  either  case — and  this  is  the  main 
point — the  earth-shakes  would  owe  their  origin  to  operations  of 
nature,  aided  very  effectively  by  those  of  man. 
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VII. — The  Classitioation  of  the  Phaoopida. 
By  F.  B.  CowPBB  Bbbd,  M.A.,  F.G.S.,  of  the  Sedgwick  Museum,  Cambridge. 

(Concluded  from  p,  178.) 

ft 

IN  North  and  South  America  and  in  South  Africa  ^  there  is* 
a  considerable  variety  of  types  of  the  2)a2mant7e«-branch  in  the 
Devonian  period  which  have  in  many  cases  received  distinctive 
subgeneric  names ;  but  species  retaining  the  typical  characters  of  the 
Silurian  forms  persist  at  any  rate  in  North  America.  Many  of  these 
Devonian  forms  show  incomplete  second  lateral  furrows  on  the 
glabella,  these  furrows  not  reaching  the  axial  furrows  and  causing 
a  partial  coalescence  of  the  two  middle  lateral  lobes.  This  tendency 
towards  the  fusion  of  the  first  and  second  lateral  lobes  of  the  glabella 
is  a  departure  from  the  perfect  segmentation  found  in  typical 
Silurian  members  of  Balmaniies,  and  has  caused  Clarke  ^  to  group  all 
such  forms  together  into  the  subgenus  or  section  Synphoria,  This 
type  of  structure,  as  Van  Ingen '  has  recently  shown,  is  not  unknown 
amongst  the  Silurian  species  of  Dalmanites  in  America,  but  it  finds 
its  most  pronounced  development  in  Devonian  time  and  occurs  in 
the  groups  Coronura,  CorycephaluBf  Odontocephalus,  and  Proholiumf 
all  of  which  are  put  by  Clarke  in  the  section  Synphoria.  The 
marginal  ornamentation  and  different  processes  on  the  pygidium  and 
head-shield  on  which  these  four  groups  have  been  founded  are 
scarcely  of  the  same  structural  importance  as  the  modifications  of  the 
glabellar  segmentation.  As  in  other  families,  the  spinosity  of 
these  forms  is  the  symbol  of  a  last  expiring  effort  before  extinction. 

Summarising  the  above  facts  and  deducing  therefrom  the  obvious 
conclusions,  we  see  that  the  Dalmanites-hrajich  falls  into  three 
divisions,  which  chronologically  succeed  each  other  and  mark 
progressive  stages  of  development.  Broadly  speaking,  they  may  be 
said  to  characterise  respectively  the  Ordovician,  the  Silurian,  and 
the  Devonian. 

Division  I.  Primitive  and  composite  forms  (e.g.,  2).  Phillipsi, 
Barr.,  D.  socialisj  Barr.,  etc.),  with  pentamerism  of  head  well 
marked ;  lobes  of  glabella  distinct ;  frontal  lobe  not  strongly 
detached ;  frontal  limb  rudimentary  or  absent ;  genal  angles 
rounded  or  shortly  pointed ;  pleursQ  of  thorax  with  rounded  or 
pointed  ends ;  pygidium  composed  of  few  segments,  rarely  more 
than  ten,  usually  of  rounded  outline.  (Subgen.  prop.  Dalmaniiina ; 
type,  D.  socialiSf  Barr.) 

Division  II.  Typical  forms  (e.g.,  D.  caudatus,  Briinn.,  the  type  of 
DalmaniteSf  sens,  str.),  with  pentamerism  of  head  well  marked ; 
frontal  lobe  of  glabella  detached  ;    frontal   limb  well  developed  ; 

>  Lake :  Annals  of  the  South  African  Museum,  toI.  iv,  pt.  4,  No.  9  (1904), 
pp.  203-213. 

'  Clarke,  "Low.  Silur.  Trilob.  Minnesota '' :  Rep.  Geol.  Nat.  Hist.  Surv.  Minn., 
vol.  ill  (1894),  p.  732. 

'  Van  Ingen:  School  of  Mines  Quarteriy,  Columbia  UniTersity,  vol.  xxiii,  Nov. 
1901,  No.  1,  p.  67. 
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&QaI  angles  prodnoed  into  spines ;  thoraoio  pleurse  with  pointed 
^^'^ »  pygidium  strongly  muoronate  and  of  many  segments,  12-lG 
&  Sflarian  species,  more  than  16  in  Devonian.  Subgenus  DalmanUe^^ 
oeo8.str.  (»J7atw?nannta). 

Division  III.  Highly  specialised  forms  (e.g.  Asteropyge  punctata, 
(Stein.)),  with  pentamerism  of  head  sometimes  distinct,  sometimes 
more  or  less  lost  by  fusion  of  lobes ;  genal  angles  generally  spined ; 
mar^n  of  head  frequently  furnished  with  spines  or  processes ; 
thoracic  pleurae  pointed  or  produced  into  spines  ;  pygidium  of  many 
segments,  16-20  or  more,  margin  usually  ornamented  with  many 
spines  or  processes.^  The  most  important  character  in  this  division, 
according  to  Kayser,'  is  the  large  number  of  axial  rings  in  the 
pygidium,  which  here  reaches  the  maximum  in  the  family.  The 
members  of  this  division  include  ABteropyge,  Coronura,  Oryphina, 
Carycephalus,  Odontoeephalus,  Malladaia,  and  Proholium.  The  sub- 
generic  independence  of  these  is  open  to  question,  and  Clarke's  name 
Sjinphoria  would  include  them  all. 

Branch  B, 

The  second  branch  of  the  Phacopidad,  which  culminates  in 
Fhacop$,  sens,  str.,  branches  off  from  the  primitive  division  of 
Balmanites  as  above  stated ;  and  an  early  stage  along  this  line  is 
found  in  the  Ph,  Qlockeri  group  of  !^tage  E  in  Bohemia,  which  is 
characterised  by  the  general  shortening  and  widening  of  the 
cranidium  ;  the  partial  loss  of  the  pentamerism  ;  the  weakening 
or  obliteration  of  some  of  the  lateral  furrows  of  the  glabella  (with 
the  frequent  splitting  or  interruption  in  the  course  of  the  anterior 
one)  ;  the  rounding  of  the  genal  angles ;  the  increased  convexity  of 
the  thorax ;  the  rounded  or  obtuse  ends  of  the  pleursd ;  the 
comparatively  few  segments  and  the  rounded  non-mucronate  outline 
of  the  pygidium ;  and  the  general  absence  of  spines.  In  Northern 
Europe  this  stage  in  the  development  of  the  true  Phacops  is 
represented  by  the  Silurian  groups  named  Acaste  and  Portlockta,^ 
which  possess  the  above  obaracteristics  with  minor  modifications. 
The  third  pair  of  lateral  lobes  in  the  glabella  is  the  most  persistent 
and  distinct  of  the  lobes,  though  often  tending  to  become  nodular ; 
and  in  all  the  features  of  this  stage  we  see  the  beginning  of 
modifications  leading  up  to  the  Devonian  type ;  but  we  cannot 
definitely  state  that  they  are  in  the  direct  line  of  evolution  of  the 
typical  Phacops ;  and  the  significance  of  their  relatively  small 
size  is  not  at  present  understood.  However,  the  morphological 
characters  of  the  Acaate,  Portlockia,  and  Ph.  Olockeri  groups  show 
a  transitional  condition,  and  being  confined  to  the  Silurian  (with 

^  Barrois  has  recorded  from  the  Silurian  of  the  PjTenees  a  species  Dalmanites 
Oourdoniy  poABessing  the  short  pygidium  of  10-11  axial  rings,  like  those  in  Div.  II, 
but  with  the  margin  spinose  (Ann.  Soc.  Geol.  Nord,  x,  1883,  p.  161,  pi.  ri,  fig.  1). 

»  Kayser:  Zeitschr.  deut.  Geol.  Gesell.,  Bd.  xxxii  (1880),  p.  19. 

*  Portloekia  has  no  phylogenetic  or  morphological  characters  of  sufficient  value  to 
separate  it  subgenerioally  from  Aeaste,  as  Salter  recognised  years  ago. 
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the  possible  exception  of  one  or  two  South  Amerioan^  and  one 
South  African  species  which  are  found  in  the  Devonian  '),  it  seems 
to  deserve  a  distinctive  subgeneric  name,  and  that  of  Phaeopiddla 
is  here  suggested ;  type.  Ph.  Qlockeri,  Barr. 

The  final  and  most  highly  specialised  stage  of  this  branch  is  found 
abundantly  in  the  Devonian  period  in  Europe,  America,  and  Asia,  but 
it  appears  in  the  higher  part  of  the  Silurian  in  all  three  continents 
and  also  in  Australia.'  It  diflfers  only  from  the  previous  stage  in 
the  greater  accentuation  of  the  above-mentioned  ohaxaotera.  The 
glabella  tends  to  become  more  enlarged,  inflated,  and  transverse ;  the 
pentamerism  and  segmental  furrows  become  very  faint  or  are  quite 
lost ;  the  lateral  lobes  of  the  glabella  (excepting  generally  the 
nodular  basal  pair)  are  inseparably  fused;  the  genal  angles  and 
extremities  of  the  thoracic  pleurse  are  invarialily  rounded  ;  the 
pygidium  is  semicircular  or  transverse,  oomposed  of  very  few 
segments,  and  has  a  simple  regular  border.  There  ia  a  complete 
absence  of  spinose  ornaments.  The  eyes  in  typical  Pkaeopi  are 
large,  but  they  may  be  reduceil  in  size  or  absent  {Trimerocepkalut). 
Gurich's*  distinction  between  Trimerocephtdus  and  the  typical 
Phacops  seems  quite  insufficient  and  arbitrary. 

This  final  stage  may  have  the  old  name  Somairihelon*  revived  for 
it,  with  Phacops  rana,  Green,  as  its  type. 

Branch  C. 

Lastly,  there  is  the  somewhat  distinct  and  disconnected  branch  oi 
the  PhacopidaB  of  which  the  earliest  types  are  included  in  the  so 
genus  Pterygfmeiopus.^    This  subgenus  appears  to  be  confined  t 
Northern  Europe  and  North  America,  as  Freeh  has  pointed  out,  an 
it  is  oharacterised  by  the  pentamerous  lobation  of  the  head-shield 
as  we  should  expect  in  an  early  representative  of  the  family,  fo: 
Pterygometopus  belongs  especially  to  tlie  lower  part  of  the  Ordovician 
But  there  is  a  constant  tendency  for  the  unequal  growth  of  th 
lateral  lobes  by  the  first  lobe  being  developed  at  the  expense  o 
the  others ;  and  as  the  second  and  third  lobes  get  correspondingly"^^ 
reduced  in  size  by  the  hypertrophy  of  the  first  lobe  there  is  an^ 
insensible  passage   into   the  condition  which  marks  the  subgenaa^ 
Chasmops/   in   which   the  second   lobe   is  almost  squeezed  out  or" 
represented  by  a  mere  tubercle.     The  indifferently  defined  grouf^ 

1  Ulrich :  Neues  Jahrb.  f.  Miner.,  Bell.  Bd.  viii  (1893),  p.  21  (Actute  devomea\. 
Clarke :  Archiv.  Mus.  Nac.  Rio  de  Janeiro,  vol.  ix  (1890),  pp.  16-17  (PA.  ^oji/uwm). 

*  Lake:  Ann.  S.  Afr.  Mus.,  vol.  iv,  pt.  4  (1904),  No.  9,  p.  206  {Ph.  africanut). 

'  Etheridj^o  &  Mitchell :  Proc.  Liun.  Soc.  New  South  Wales,  ser.  n,  vol.  t 
(1895),  J).  486. 

*  Giirich :  Vcrhandl.  russ.  kais.  Miner.  Gesell.  St.  Petersburg,  ser.  ii,  Bd.  xxxii 
(1896),  pj).  359,  362. 

*  McMurtrie :  **  Sketches  of  I^uisville  and  the  Fall  of  the  Ohio,"  p.  74  (Louis- 
ville, 1819).  The  tj-pe-si)ecios  of  Somntrikelm  {S,  megalomafon,  McMurtrie)  hast 
been  identified  with  'Phacopn  rana.  Green  fVogdes,  Bibliogr.  Falacoi.  Crust.,  Occas* 
Papers  Calif.  Acad.  Sci.,  No.  4.  1893,  p.  163). 

«  Schmidt:  Rev.  Ostbnlt.  Silur.  Trilob.,  Abth.  i  (1881),  p.  62. 
'  McCoy :  Ann.  Mag.  Nat.  Hist.,  ser.  ii,  vol.  iv  (1849),  p.  408. 
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"^nned  Eomalops  ^  apparently  belongs  to  this  stage,  and  the  final 
^alt  of  the  extraordinary  growth  of  the  first  lateral  lobes  may 
Perhaps  be  found  in  Monorakos,^  in  whioh  the  second  and  third 
lateral  furrows  are  only  represented  by  pits.  A  whole  chain  of 
Positional  forms  showing  intermediate  conditions  between  PlerygO' 
metopus  and  Chasmops  can  be  traced,  and  there  is  no  hard  and  fast 
line  between  these  subgenera.  Hall  <&  Clarke'  diverged  widely 
^frorn  the  original  conception  of  Chasmops,  and  erroneously  inter- 
preted the  characters  of  the  type-species  by  maintaining  that  the 
great '  cat*s  ear  *  lobes  were  formed  by  the  coalescence  and  fusion  of 
the  first  and  second  lateral  lobes  on  each  side.  The  definition  of  the 
subgenus  given  by  these  authors  and  the  species  included  by  them 
in  it  cannot  therefore  be  accepted.  In  all  true  members  of  Cha$mop$ 
the  second  lateral  lobes  are  recognisable  and  show  no  coalescence  with 
the  first  lobes.  In  the  American  representatives  of  Pterygometopu», 
on  the  other  hand,  there  is,  as  Clarke  ^  has  pointed  out,  a  frequent 
tendency  for  a  coalescence  of  the  first  and  second  lateral  lobes,  and 
the  culmination  of  this  structural  modification  seems  to  be  met  with 
In  Monarahos,  For  Pterygometoptu  is  by  no  means  a  homogeneous 
group,  as  Schmidt  himself  has  pointed  out,  and  several  subdivisions 
in  it  may  ultimately  be  recognised,  though  at  present  their  limits 
and  relations  are  scarcely  well  defined. 

The  connection  between  Pterygometoptia  and  the  other  branches  of 
the  PhacopidsB  has  not  at  present  been  clearly  traced,  but  its 
relations  are  undoubtedly  wide  and  varied.  Clarke  (op.  cit) 
considers  that  a  Trenton  species  {Balmanites  achates,  Billings)  is 
a  link  between  Balmanites  and  Pterygomelopus,  but  4is  view  that 
lobal  coalescence  in  the  glabella  is  a  sign  of  immature  development 
does  not  commend  itself  to  me.  It  may  be  noted  that  in  many 
respects,  such  as  the  tendency  to  augment  the  number  of  segments 
in  the  pygidium  and  to  develop  spines  on  the  genal  angles,  the 
evolution  of  the  Balmanites  and  Pterygometopus  branches  has  been 
analogous  and  parallel.  The  relations  of  Pterygometopus  to  Acaste 
(  =  Phaeopidella)  are  also  worthy  of  remark,  and  Schmidt  considers 
that  Pt.  ifieszkowshi  forms  a  passage  over  to  the  latter  group.  The 
occasional  partial  loss  or  reduction  of  the  second  lateral  furrow  of 
the  glabella  in  Pterygometopus  (e.g.  Pt.  Brongniarti)  is  paralleled  by 
-certain  species  of  Acaste  (e.g.  Ph.  Bowningia). 

Proposed  Classification. 

The  results  of  the  above  investigation  into  the  relations  of  the 
various  groups,  genera,  or  subgenera  of  the  Phacopidsd  which  have 
been  from  time  to  time  established  show  that  the  following  classi- 
fication may  be  suggested  as  based  on  phylogenetic  principles : — 

1  Remel6:  ZeitBchr.  deut.  Geol.  Gesell.,  Bd.  xxxyI  (1884),  p.  200. 

*  Schmidt:  Bull.  Acad.  Imp^.  Sci.  St.  P6tersbourg,  xii.  No.  4  (1886),  p.  414. 
>  Hall  &  Clarke:  PalaBont.  New  York,  vol.  tH  (1888),  p.  63. 

*  Clarke :  Lower  Silur.  Trilob.  Minneeota,  1894,  p.  732. 
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I.  SnbftmUj  DALMAjmxHJB. 

1.  Genus  DmlmumiUt, 

SabgOMn  DmlmmmUmMf  nom.  prop. 

IktimmmiUi^  sens.  str.  (»  EtmmtmmM). 

OorfeephtUui 

MaUadtnm 

Conmwrm 

FnMtmm 

Oryphma 

II.  Subfamily  Phacopina. 

2.  Creniis  Fhacopt. 

Sabgenen  Fhacopidella,  nom.  prop. 

Fkaeops,  sens.  str.  (=  oMurfrii^ffoN). 
Triamroctphmltu. 

III.  Sabfamilj  PrEKTOoicBTOPnriB. 

3.  Genus  Fterygi^fnetopHt. 

Subgenerm  PUrygowittopiUy  sens.  str. 
Chaimop9, 
Hmiutlip; 
Mtmcrako; 

The  earliest  and  least  di£ferentiated  members  of  eaoh  genas  ai 
comprised  in  the  subgenera  Dalmanitina,  PhaeopideUa,  and  Pterygo*- 
metopus,  sens,  str.,  and  being  suoh  have  many  features  in  common. 

Geographical  Distribution. 

With  regard  to  their  geographical  distribution,  Z)a2mam7tna  occurs 
in  the  northern  and  southern  provinces  of  Europe  in  Ordovician 
times,  but  PterygometopM  only  in  the  northern.  Phaeopidella  was 
spread  over  both  provinces  during  Silurian  times,  though  with 
a  slightly  different  type  of  development. 

DalmaniteSj  sens.  str.  (  =  Hausmannia)  was  almost  solely  a  northern 
form  during  the  Silurian  period,  but  during  the  Devonian  period 
extended  also  into  the  south. 

The  various  subgenera  of  Balmanites  in  Devonian  times  were 
principally  developed  in  North  America,  but  some  are  found  in 
central  and  southern  and  more  rarely  in  northern  Europe. 

Stratigraphical  Distribution, 

Stratigraphically  the  whole  of  the  genus  Pterygometopus  is  con- 
fined to  the  Ordovioian,  and  it  accomplished  its  whole  range  of 
modifications  within  the  limits  of  that  period. 

Dalmanitina  is  also  typically  an  Ordovician  group.  DalmaniieSj 
sens,  str.,  though  principally  Silurian,  ranged  up  into  the  Devonian. 
Phaeopidella  is  Silurian,  and  the  typical  Phacops,  sens,  str.,  appears 
in  the  Silurian  but  reaches  its  maximum  in  the  Devonian.  The 
whole  family  became  extinct  before  the  dawn  of  the  Carboniferous. 
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L — OSOLOGIOAL  ObSIBVATIONS  IN  THX  DiSTBIGT  OF  THK  AnOIBNT 
CBAKKBLg  BT  WHIOH  THK  MaIN  AND  NbOKAB  FLOWED  INTO 
THK  BhINX  NEAB  WiESBADBN. 

"OsQLpoiBOHB  Bkobaohtungkn  im  Qbbixt  dkb  altkn  Mundunokn 
▼ON  Uain  und  Nkokab  in  dxn  Bhbin."    Von  A.  Stkukb. 

(PLATE  XI.) 

rpHE  aooompanying  photographio  plate  gives  a  good  example  of 
JL  laolting  in  the  Bhine  Valley  near  Wiesbaden  in  the  Pleistocene 
period.  The  section  in  a  large  qaarry  south-east  of  Wiesbaden,  south 
of  Mpsbaoh,  was  photographed  during  a  reoent  surrey  of  the  district 
by  Herr  Steuer,  but  other  instances  had  long  been  known. 

On  the  nght*hand  side  are  shown  the  Hydrobia  deposits  (Miocene) 
<x>Texed  by  a  thin  layer  of  old  river  terrace,  the  Mosbaoh  Sands. 
The  oontrast  between  the  hard  calcareous  beds  and  layers  of  marl 
with  Hydrobia  brings  out  the  faulting  very  clearly.  On  the  left- 
hand  side  a  large  '  wedge '  of  the  sands  is  let  down  10  metres  into 
the  underlying  marls,  bringing  Pleistocene  deposits  sharply  against 
Tertiary.  Many  small  faults  may  be  seen  both  inside  the  wedge 
and  in  other  parts  of  the  section. 


^^rf^       Sand  and  Gravel.  Ooi^icula 

OecaX  I      beds. 


Corlt  beds. 


Diagnm  showing  a  large  wedge  of  Mosbach  Sands  and  Gravel  of  Glacial  a^e, 
widoh  have  been  let  down,  by  faulting,  10  metres  into  the  underlying 
lAaris  of  Miocene  age  with  Corbicula  and  Hydrobia  of  the  Mayence  basin. 
(See  centre  of  PUte  XI.) 

The  Mosbach  Sands  have  yielded  Ursm  spelaust  Ulephas  primt- 
geniu»9  E,  antiqutu,  Cervus  canadensis,  Alces  lati/rons,  Rhinoceros 
Merekiy  JUson  priscus,  etc. 

The  old  terraces  of  the  Maine  near  its  confluence  with  the  Rhine 
are  dmded  into  three.  The  earliest,  corresponding  to  the  Mosbach 
Sands,  is  found  at  about  450  feet  above  the  sea-level,  or  200  feet 
above  the  present  river.  But  subsequent  earth  -  movements  have 
-displaced  it  to  such  an  extent  that  it  is  occasionally  seen  150  feet 
below  its  normal  level.  The  next  terrace  is  not  found  in  the  special 
district  described  by  the  author,  but  the  third,  and  lowest,  forms 
a  narrow  belt  along  the  river  side  not  very  far  above  the  present 
flood-levels. 

The  greiatest  earth-movements  are  believed  to  have  taken  place 
between  the  formatloti  of  the  second  and  third  terraces,  but  from  the 
evidence  given  by  the  old  channels  in  the  yoMT\geat  l^ixwia  \V>  \& 
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inferred  that  the  movements  were  repeated  after  that  epoch,  and  are 
perhaps  not  yet  ended. 

The  oldest  terrace  is  now  regarded  as  Lower  Diluviam,  the  others 
belonging  to  the  two  divisions  of  the  Middle  Diluvium.  This 
classification  differs  somewhat  from  that  published  by  Dr.  Kinkelin, 
and  makes  the  terraces  contemporaneous  with  older  stages  of  the 
Alpine  Glacial  Series.  T.  L  jPooook. 


II.  —  Bbpobt    on  Thobianitb    and   Thobitb.      By   Amanda   K. 
CooMiBASwiMY,  B.Sc.,  Director,  Mineralogioal  Survey,  Ceylon. 

THIS  report  gives  more  precise  details  than  have  hitherto  appeared 
of  the  locality  and  associations  of  the  ne#  mineral  thorianite. 
This  mineral,  it  will  be  remembered,  was  shown  to  be  a  new  apeoies 
by  the  analysis  of  Mr.  G.  S.  Blake,  of  the  Imperial  Institute,  who 
found  that  it  contained  as  much  as  76  per  oent  of  thoria  and  only 
about  12  per  oent.  of  oxide  of  uranium,  and  thus  differed  materially 
from  pitchblende,  to  which  it  had  been  at  first  referred.  As  shown 
on  a  map,  which  accompanies  the  report,  the  principal  deposits  of 
thorianite  occur  in  and  near  the  bed  of  the  Euda  Pandi-oya,  a  small 
stream  near  Eondurugala,  Bambarabotuwa,  Province  of  Sabara- 
gamuwa,  Ceylon.  The  mineral  occurs  in  the  bed  of  the  stream  in 
black  cubic  crystals  associated  with  zircon  and  ilmenite.  In  thi 
neighbourhood  it  has  not  yet  been  discovered  in  sitUt  but  a  few  crystals 
have  been  found  in  a  pegmatite  vein  on  Ambalawa  Estate,  Giinipola. 
Mr.  Cooinaraswamy  discusses  the  prospect  of  further  disooveries, 
and  we  wish  him  success  in  bis  efforts  in  search  of  these  deposits 
of  minerals  rich  in  tboria,  now  so  valuable  as  the  chief  constituen 
of  incandescent  gas  mantles. 


I^  E  "V*  I  E  "W"  S. 


I. — The   Face  op  the  Eabth.      By  Eduard  Suess,  Professor  of" 
Geology  in  the  University  of  Vienna.     Translated  by  Hebtha^ 
B.  C.  Sollas,  Ph.D.,  of  Newnham  College ;  under  the  direction, 
of  Professor  W.  J.  Sollas,  LL.D.,  F.R.S.,  etc.     Vol.  I.     8vo ; 
pp.  xii,  G04,  with  4  maps,  2  plates,  and  48  other  illustrations. 
(Oxford  :  at  the  Clarendon  Press,  1904.     Price  25s.  net.) 

AFTER  a  period  of  more  than  twenty  years  the  first  volume  of 
the  famous  and  now  classic  work  of  Professor  Suess,  "  Das 
Antlitz  der  Erde"  (1883-85),  has  been  made  intelligible  to  every 
British  geologist.  The  work  meanwhile,  by  its  broad  and  luminous 
teachings,  has  inspired  many  a  distinguished  geologist  at  home  and 
abroad  on  all  subjects  connected  with  the  surface-structure  of  the 
earth,  and  has  largely  increased  our  knowledge  of  the  origin  of  the 
physical  features  in  which  both  geologists  and  geographers  are 
interested. 

In  the  preface  which  the  author  has  specially  written  for  this 
translation  ho  points  out  naturally  enough  ''that  the  reader  will 
meet,  here  and  there,  in  the  first  two  volumes,  with  a  description 
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9ady  antiquated."  Here  the  translator  and  editor  might  well 
re  assisted  the  stadent  by  inserting,  in  square  brackets,  references 
;he  more  important  works  that  supplement  and  in  some  instances 
root  former  views.  To  British  readers  this  want  is  specially 
ioeable  in  the  accounts  of  the  volcanic  phenomena  of  the  Inner 
brides  (pp.  155-157)  and  in  the  references  to  South  African 
logy. 

Lnother  serious  omission  is  that  of  an  index.  With  the 
bability   of  three   other   volumes,  and   the  possibility   only  of 

fifth  volume,  consisting  of  index  and  geological  maps,"  many 
rs  must  elapse  before  this  first  volume  will  be  as  useful  as  it 
rbt  and  ought  to  be  for  reference.  In  other  respects  we  have 
hing  but  praise  for  the  care  and  pains  bestowed  on  the  translation 
Miss  Hertha  SoUas,  and  for  the  undoubted  success  with  which, 
dd  by  her  father,  Professor  Sollas,  she  has  so  clearly  and 
hfully  expressed  in  English  the  ofttimes  difficult  language  of 

original. 
The  work  contains  in  the  introduction  a  sketch  of  the  shapes  of 

continents  and  oceans,  together  with  remarks  on  great  earth- 
vements,  on  stratigraphical  formations,  and  on  the  distribution 
life.  The  main  portion  of  the  volume  is  divided  into  two  parts, 
e  first  treats  of  the  movements  in  the  outer  crust  of  the  earth. 
8  Deluge  is  discussed  as  the  greatest  natural  phenomenon  of 
ich  we  have  record.  Delta  deposits,  earthquakes  and  volcanoes, 
1  the  relations  which  may  exist  between  the  sensible  movements 
the  earth  and  the  phenomena  of  dislocation,  all  receive  notice. 
[n  the  second  part  accounts  are  given  of  the  structure  and  history 
a  number  of  mountain  chains — the  Carpathians  and  the  Alps,  the 
»untains  of  India  and  other  parts  of  Asia,  and  those  of  America, 
e  basins  of  the  Adriatic  and  the  Mediterranean,  the  great  deserts, 
1  other  prominent  features  are  dealt  with.  In  short,  a  general 
}ount  is  given  of  the  structure  of  the  earth's  surface,  and  the 
icription  of  the  continental  masses  is  followed  by  a  detailed 
position  of  the  difference  which  exists  between  the  Pacific  and 
[antic  basins. 

By  using  a  slightly  closer  type  the  present  work  occupies  604 
(lead  of  778  pages  as  in  the  original,  but  the  print  is  clear  and 
uellent  in  all  respects,  while  the  text  -  illustrations  and  the 
loared  maps  are  in  no  respect  inferior,  and  in  some  cases  much 
larer,  than  in  the  original  edition.  It  is  a  handsome  volume,  and 
one  which  should  find  a  welcome  place  in  the  library  of  every 
irking  geologist. 

—  Cleiocrinus,  By  Fbank  Spbingbr.  Mem.  Mus.  Comp.  Zool. 
Harvard,  vol.  xxv,  pp.  93-114,  one  plate.  (Cambridge,  U.S.A. ; 
January,  1905.) 

\HE  Ordovician  genus  Cleiocrinus,  E.  Billings,  has  always  been 
a  puzzle  to  those  whom  Mr.  Springer  calls  *  Grinologists.*    The 
ncture  of  the  stem  and  the  lateral  union  of  the  arms  have  led 
3ent  writers  to  refer  it  provisionally  to  the  FLexibilia  lD;i^YiiTi*^\dk 
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or  lohthyoorinidffi  {$en$tt  latiore).  The  oomposition  of  the  cap  was 
unknown,  but  was  seen  to  be  pecnliar ;  by  oarefal  disteotion  and 
preparation  of  Bpecimens  belonging  to  the  Geological  Sarrej  of 
Canada,  Mr.  Springer  has  now  been  able  to  show  that  it  oonsista  of 
5  infrabasals,  5  basals,  and  5  radials,  followed  by  a  large  aerieB 
of  fixed  brachials  and  pinnulars,  as  well  as  by  a  vertical  series  of 
anals  resting  on  the  posterior  basal.  The  peooliarity  lies  in  the 
facts  that  the  basal  and  radial  circlets  have  been  pnshed  down  over 
the  infrabasal  circlet  and  top  of  the  stem,  and  that  in  this  process 
the  radials  have  been  separated,  while  the  basals  have  been  pnshed 
up  between  them  so  as  to  support  the  first  primibraohs  on  their 
shoulders.  Mr.  Springer  also  shows  that  the  arms  are  pinnulate, 
a  fact  mentioned  by  Billings  in  obscure  fashion  but  hitherto  over* 
looked ;  and  he  states  that  the  angles  of  both  stem  and  lumen  are 
interradial,  instead  of  alternating  as  is  the  case  in  later  orinoids. 
The  conclusion  of  his  most  interesting  research  is  "that  Cleiocrinm 
is  evidently  an  intermediate  form  between  the  Camerata  and  the 
Flexibilia,"  and  in  this  respect  he  associates  it  with  Reieoerifivs, 
His  precise  intention,  however,  is  not  olear,  and  since  he  '*  looks 
for  enlightenment"  to  phylogenists  on  this  side  of  the  Atlantic, 
a  few  suggestions  may  be  welcome.  The  word  "  intermediate  "  can 
hardly  be  meant  to  imply  either  that  the  Camerata  were  evolved  from 
the  Flexibilia  by  way  of  Cleiocrinus,  etc.,  or  vice  versa.  The  pinnulate 
stage  of  arm-struoture  found  in  Cleioerinus  was  not  approached  by 
Flexibilia  until  the  Carboniferous  Epoch ;  on  the  other  hand,  the 
infrabasal  circlet,  in  its  complete  retention  of  pentamerism,  is  more 
primitive  than  that  of  any  known  Flexibilia.  Whatever  be  the 
origin  of  Cleioerinus^  we  must  therefore  suppose  that  the  Ichthyo- 
crinoid  character  of  direct  lateral  union  of  the  arms  has  been 
independently  acquired  and  no  more  proves  a  relationship  to  the 
Flexibilia  than  it  does  to  the  still  more  similar  UinUicrinus,  The 
composition  of  the  cup  and  of  the  arms  would  allow  us  to  place 
Cleioerinus  with  the  dicyclic  Camerata  or  Inadunata;  but  pinnulation 
was  not  attained  by  any  Inadunate  crinoid  before  the  Middle  or 
Upper  Silurian,  while  the  lateral  union  of  the  arms  is  opposed  to 
the  general  trend  of  Inadunate  evolution.  Therefore  it  seems  most 
simple  to  place  Cleioerinus  with  the  Dicyclic  Camerata,  from  known 
representatives  of  which  it  differs  in  the  suppression  of  inter- 
brachials.  On  this  ground  it  is  necessary  to  erect  for  it  a  fourth 
family,  Clriocrinid^,  contemporaneous  in  its  first  appearance  with 
Keteocrinidaa  and  Rhodocrinidse,  but,  unlike  them,  producing  no 
descendantB.  The  structure  of  the  base  remains  without  precedent 
and,  with  our  present  knowledge,  inexplicable;  but  it  is  hard  to 
believe  that  the  angular  shape  of  the  lower  margins  of  the  radials 
is  reminiscent  of  their  former  position  above  the  basals :  is  it  not 
rather  a  downward  prolongation  such  as  we  find  in  Pentacrinus 
{=  Exirnerinns)  ?  The  only  approach  to  the  structure  in  other 
respects  is  the  familiar  invagination  of  the  base,  as  seen  in  the 
contemporary  Archaocrinns,  and  the  most  probable  hypothesis  seems 
to  be  that  the  base  of  Cleiocrimis  is  an  exaggeration  of  this  type. 


ReportB  and  Proceedings — Oeohgical  Society  of  London.     233 

Mr.  Springer  is  heartily  to  be  oongratalated  on  having  elncidated 
this  obscure  form  in  his  usual  masterly  manner,  and  on  having  thus 
posed  h^sh  problems.  The  only  fault  to  be  found  with  the  paper  is 
that  the  area  of  the  pnges  (36  X  28  om.)  is  out  of  all  proportion  to 
their  number.  F.  A.  Bather. 

III. — The  Clays  and  Clay  Industry  of  New  Jersey.  By 
Hkinrich  Ribs  and  H.  B.  Eummel,  assisted  by  O.  N.  Enapp. 
Vol.  VI  of  the  Final  Report  of  the  State  Geologist.  Trenton. 
New  Jersey,  1904.  Royal  8vo;  pp.  xxvii,  648.  Plates  and 
maps,  Ivi ;  figures  in  text,  41. 

IN  this  Report  a  very  full  and  complete  desoription  of  the  various 
clay  deposits  in  the  State  of  New  Jersey  is  given,  and  their 
origin,  modes  of  occurrence,  physical  and  chemical  properties  are 
discussed  in  considerable  detail.  It  also  contains  a  large  amount  of 
iefinite  and  practical  information  relating  to  the  economic  value  and 
the  various  methods  of  manufacture  suitable  to  the  di£ferent  kinds 
3f  olays,  which  makes  it  a  reliable  work  of  reference  for  all  those 
engaged  in  this  industry. 

The  clay  deposits  worked  belong  to  various  formations.  In  the 
Qorthern  part  of  the  State  there  are  extensive  beds  of  late  Glacial 
ige  apparently  laid  down  in  lake  basins  or  estuaries  by  streams 
issuing  from  the  margin  of  the  great  ice  field  which  covered 
Qorthern  New  Jersey.  Cliffs  of  clay  on  the  Atlantic  coast  and 
terraces  bordering  the  river  valleys,  30-60  feet  above  tide,  are 
referred  to  the  same  period.  The  clay  beds  are  frequently  overlain 
by  stratified  sand  and  gravel,  and  in  some  places  by  glacial  till.  Of 
the  clays  of  the  Tertiary  formation  may  be  mentioned  those  near 
Bridgeton,  which  are  regarded  as  of  Upper  Miocene  or  Pliocene  age 
3n  the  evidence  of  plant  remains  in  the  associated  sandstones.  The 
most  important  clay  deposits  in  the  State  are  uf  Lower  Cretaceous 
Ige,  and  are  known  as  the  Raritan  or  Plastic  Clay  series.  They  are 
>f  considerable  thickness,  and  they  extend  quite  across  the  State 
from  Perth  Amboy  to  Trenton,  and  thence  down  the  Delaware 
Biver.  They  were  probably  laid  down  in  an  estuary ;  the  only  fossils 
found  in  them  are  a  few  shells  of  brackish- water  character.  The 
beds  vary  from  a  white  to  steel-blue  fireclay  of  conbiderable 
economic  importance  to  black  sandy  clay  used  for  ordinary  bricks. 
i  great  drawback  to  working  these  clays  is  the  thickness  of  the 
ptivels  and,  in  places,  glacial  drift,  by  which  they  are  often  capped, 
rhese  Lower  Cretaceous  olays  rest  on  beds  of  Triassic  age. 

Several  excellent  maps  and  numerous  illustrations  grt-atly  add  to 
he  value  of  this  Report. 


Gbolooigal  Society  of  London. 

:.  — March  8th,   1905.— J.   E.  Marr,   Sc.D.,  F.R.S.,   President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  "  Observations  on  some  of  the  Loxonematld®,  wiVh.  "D^^wv^NSsm^ 
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of  two  New  Species."     By  Miss  Jane  DoDAld.     (Commanioated  bj 
Professor  Theodore  Groom,  M.A.,  D.Sa,  F.6.S.) 

Shells  having  more  convex  whorls,  or  less  sigmoidal  lines  ol 
growth  than  L,  $inuosum,  cannot  be  left  within  the  genua  LoaBomoma. 
The  two  new  species  described  resemble  the  type  in  form  and  in  th( 
sinuosity  of  the  lines  of  growth ;  but  the  whorls  are  ornamented 
spiral  Btria9y  two  of  which  frequently  stand  oat  and  give  the  ahellL. 
a  banded  appearance.  Both  species  are  of  Silurian  age :  one 
obtained  from  the  Aymestry  Limestone  near  Ledbury,  and  froi 
beds  of  about  the  same  age  at  Llangadock ;  and  the  other  from  th^^ 
Wenlock  Limestone,  Dudley. 

2.  '*  On  some  Gasteropoda  from  the  Silurian  Books  of  Llangadod^ 
(Caermartheushire)."  By  Miss  Jane  Donald.  (Gommunicate<l  b^ 
Professor  Theodore  Groom,  M.A.,  D.Sa,  F.G.S.) 

These  fossils  occur  almost  entirely  in  the  state  of  casta  and  moald&-. 
Eleven  distioct  forms  have  been  made  out,  referable  to  some  genera  ^ 
but  only  seven  are  sufficiently  well  preserved  for  specific  determina— * 
tion.    Five  of  these  are  new,  including  one  described  in  the  previous 
communication  ;    a  new  genus  is  described,  for  the   reception  oC 
EuomphaluB  funatus.     The  first  species  described  comes  nearest  to 
examples  placed  in  the  genus  Plethoiptra,  as  represented  by  PL  Semeie, 
with  which  it  might  l)e  placed  in  a  new  subgenus.     Three  other 
species,  including  two  new  ones,  resemble  shells  referred  to  Bemboseia. 
The  three  species  are  turriculated,  and  the  band  is  situated  on  the 
angle  of  the  whorls,  a  little  distance  above  the  suture.    The  specimens 
described  come  from  the  horizons  of  the  Upper  Llandovery,  tlie 
Wenlock,  the  Lower  Ludlow  (including  the  Aymestry  Limestone), 
and  the  Upper  Ludlow. 

II.— March  22nd,  1905.--J.  E.  Marr,  Sc.D.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  *'An  Experiment  in  Mountain-building:  Part  II."  By  the 
Right  Hon.  the  Lord  Avebury,  P.O.,  F.R.S.,  P.S.A.,  F.G.S. 

In  this  paper  some  experiments  are  described  which  were  con- 
ducted by  an  apparatus  by  means  of  which  pressures  could  be 
applied  in  two  directions  at  right  angles  to  one  another,  a  space 
of  2  feet  square  being  reduced  to  one  22  inches  square.  In  the 
first  series,  plastic  materials  such  as  cloth  and  thin  oilcloth  were 
used,  with  layers  of  Hand  between  them.  Two  main  folds  crossing 
at  right  angles  were  formed,  the  upper  one  shifted  over  the  lower. 
The  use  of  two  layers  of  linoleum  produced  a  difierent  type  of 
folding,  and  the  lower  layers  of  the  linoleum  were  broken  along  the 
principal  ridges.  In  the  second  series  a  layer  of  plaster  was  intro- 
duced ;  this  was  found  to  be  fractured,  tilted  up  into  a '  writing-desk' 
form,  and  forced  irregularly  into  the  sandy  layers.  Overthrusts  were 
thus  produced,  so  that  in  some  cases  a  boring  would  have  passed 
through  two  or  even  four  layers  of  the  rigid  substance.  In  other 
cases  the  edges  of  tlie  primary  fracture  broke  ofif  more  or  less 
regularly,   and   the   detached    pieces  were   pushed   ap,   assuming 
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Sradaally  a  very  steep  angle.  The  remainder  of  the  edges  of  the 
pJate  of  plaster,  having  now  room,  were  able  to  approach  each 
other.  Pliable  material  above  the  plaster  was  thrown  into  one  or 
^  few  extensive  folds,  while  that  beneath  assumed  a  greater  number 
of  small  folds. 

2.    <<The    BhsBtic    Bocks    of   Monmouthshire.'*      By   Linsdall 
Xiobardson,  F.O.S. 

The  BhsBtio  rocks  occur  only  in  the  neighbourhood  of  Newport , 
and  the  present  paper  describes  three  new  sections  and  four  new 
exposures.  They  are  the  following :  Goldoliff,  Bishton,  Llan- 
martin,  Llanwem,  Milton,  Bishpool,  and  Lis-Werry.  Measured 
■ections  are  given  at  each  locality,  that  at  Goldclifif  being  especially 
full  in  the  middle  portion  of  the  series,  because  when  visited  by 
the  author  it  was  exposed  in  oonsequence  of  a  breach  in  the 
sea-wall.  The  plane  of  separation  between  the  *  Tea-green  Marls  * 
(Kenper)  and  the  Black  Shales  of  the  Bhsetic  is  very  definite,  and  is 
not  infrequently  accompanied  by  an  inch  or  two  of  conglomerate. 
The  Bhastic  ocean  appears  to  have  spread  with  comparative  rapidity 
over  the  flats  of  the  '  Tea-green  Marl '  in  this  neighbourhood.  The 
most  complete  sequence  from  Eeuper  to  BhsBtio  is  around  Cardiff, 
where  the  '  Sully  Beds '  (Etheridge*s  *  Grey  Marls ' :  not  the  <  Tea- 
green  Marls,'  which  belong  to  the  Keuper)  constitute  transition-beds 
formed  where  deposition  proceeded  continuously.  Farther  north 
the  '  Black  Shales '  overstep  on  to  lower  and  lower  portions  of  the 
'Tea-green  Marls.'  A  nou-sequenoe  appears  to  occur  at  the  base  of 
the  Paper  Shales  at  Goldoliff,  where  the  upper  surface  of  the  Gotham 
Marble  equivalent  is  conspicuously  water- worn. 


ni— April  5th,  1905.--J.  E.  Marr,  ScD.,  F.B.S.,  President,  in  the 
Chair.     The  following  communications  were  read  : — 

1.  **0n  the  Divisions  and  Correlation  of  the  Upper  Portion  of 
the  Coal-measures,  with  special  reference  to  their  Development 
in  the  Midland  Counties  of  England."  By  Robert  Kidston, 
F.R.S.  L.  &  E.,  F.G.S. 

The  following  classification  of  the  Coal-measures  is  proposed  by 
the  author : — 

Fropoted  Names.  Names  previottsly  used, 

4.  Radstockian  Series  =  Upper  Coal-measures. 

3.  Staffordian  Series  =  Transition  Series. 

2.  Westphalian  Series  =  Middle  Coal-measures. 

1.  Lanarkian  Series  =  Lower  Coal-measures  (including  the  Millstone  Grit). 

The  Stafibrdian  Seried  includes  the  Blaokband  Group,  beginning 
with  the  Bassey  Mine  Ironstone,  the  Etruria  Marl  Group,  nearly 
barren  of  plant-remains,  and  the  Newcastle-under-Lyme  Group. 
The  Badstockian  Series  includes  the  Keele  Group  and  various  beds 
in  the  Midland  Coalfields  hitherto  referred  to  the  Permian  System. 
A  classified  table  is  given  of  all  the  plants  known  from  the  two 
tipper  series  in  the  Potteries  Coalfield,  and  a  list  of  those  observed 
in  the  Newstead  boring,  Trentham.      The  plant-yielding  b^d^  vci 
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the  shaft  of  the  Hamstead  Colliery,  near  Birmingham,  between  fle 
depths  of  243  and  411  yards  from  the  snrfaoe,  are  ondoubtedlj 
referable  to  the  Badstockian  Series  and  to  the  Keele  Groap  of  the 
Potteries  Coalfield ;  and  the  beds  without  plants,  from  209  yarda 
downward,  belong  to  the  same  group.  A  bed  at  440  yards  ii 
referable  to  the  Newcastle  Qronp.  A  list  of  these  plants  is  giTsn. 
These  two  series  are  recognizable  in  Denbighshire ;  and  the 
Buabon  Marls  of  the  Staifordian  Series  are  as  barren  in  plant- 
remains  as  the  corresponding  Etruria  Marls.  A  list  is  also  given 
from  red  and  purple  shales  in  Cumberland,  whioh  contain  Upper 
Coal-measure  plants.  Part  of  the  Ardwick  Series  of  Manchester 
belongs  to  the  Staflfordian  Series.  A  table  of  all  plants  known  from 
the  two  upper  series  (3  and  4)  is  next  giren,  the  distribution  of 
species  iu  the  four  subdivisions  is  analysed,  and  the  differenoee 
between  the  two  series  are  discussed.  Finally,  a  list  of  plants  from 
the  Bradford  Colliery,  Manchester,  from  shales  extending  from  8  to 
107  yards  above  the  ''  Bradford  Four-Foot  Coal,"  is  appended,  and 
the  beds  are  placed  in  the  Sta£fordian  Series ;  while  the  spedei 
from  shale  immediately  below  this  coal  and  from  shale  88  yards 
lower  down  are  classed  with  the  Westphalian  Series. 

2.  <*  On  the  Age  and  Kelations  of  the  Phoephatio  Chalk  of 
Taplow."  By  Harold  J.  Osborne  White,  F.G.S.,  and  Llewellyn 
Treacher,  F.G.S. 

The  paper  opens  with  an  account  of  the  work  hitherto  aoooDi- 
plished  in  the  PhoRphatic  Chalk  of  Taplow,  and  especially  of  the 
work  of  Mr.  Strahan.  The  rocks  at  this  locality  are  then  described 
iu  detail,  and  the  following  classification  is  adopted  : — 

Feet. 

E.  Upper  White  Chalk    (visible)  16 

D.  Upper  Brown  Chalk,  or  rich  phosphatic  band  ...        about    8 

C.   Middle  White  Chalk  „      16 

B.  I>ower  Brown  Chalk,  or  rich  phosphatic  band ...  ,,        4 

A.  lA)wer  White  Chalk    (visible)  17 

The  Lower  White  Chalk  includes  a  thin  layer  of  fahnlar  flint 
and  one  of  elongated  nodular  flints,  and  the  first  signs  of  phosphatic 
material  were  observed  a  few  inches  below  the  tabular  seam. 
Attention  is  drawn  to  the  presence  of  phosphatic  nodules  and 
concretions  at  certain  horizons.  Fossil  lists  are  given  from  each  of 
the  above  divisions ;  and  the  authors  conclude  that  the  Lower  White 
Chalk  belongs  to  the  zone  of  Micraster  cor-anguinumf  and  the  suc- 
ceeding beds  to  lliut  of  Marsupites  iestudinariua ;  while  the  lower 
phosphate-band  represents  the  lower  part  of  the  Uintaerinus-liandj 
and  the  upper  one  that  of  the  Marsupites-hand  of  that  zone.  In  each 
phospbate-baud  the  base  is  quite  sharp,  being  defined  by  a  rock-bed 
in  the  Chalk  ;  but  the  upper  limit  is  very  ill-marked.  The  Middle 
WHiite  Chalk  is  in  part  divided  into  lenticles  with  slickensided  sar- 
faces.  The  authors  find  Actinocnmax  V€ru8  in  B,  and  A,  granulatui 
in  D  and  E,  but  not  A,  qnadratua  in  any  bed.  Phosphatization  is 
not  confined  to  the  Foraminifera  and  other  luicroscopio  remains, 
but  occurs  in  all  shells  and  structures  which  are  readily  penetrable. 
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igh  not  80  markedly  in  those  of  a  more  homogeneous  oharacter. 
ria  occurs  in  division  E,  the  upper  part  of  which  may  possibly 
nolude  the  base  of  the  zone  of  Aetinocamax  qwidraiuB,  or  at 
ate  may  not  be  many  feet  below  that  base.  The  distribution^ 
rical  proportion,  and,  to  some  extent  also,  the  morphological 
oter  of  the  macrosoopio  fossils  of  the  Phosphatic  Chalk  ar& 
tional.  The  majority  of  the  French  deposits  of  Senouian  age 
kT  to  belong  to  a  distinctly  higher  horizon.  The  authors  givo 
Qoe  to  show  that  a  part,  at  least,  of  the  phosphatized  material 
squired  its  distinctive  mineralogical  character  on  the  spot.  So 
I  can  be  ascertained  from  existing  data,  the  Phosphatic  Chalk 
ifined  to  a  small  tract  of  country  measuring  less  than  3^  miles 
north-east  to  south-west  by  less  than  1  mile  from  north-west  to 
-east.  It  occurs  as  an  intercalation  between  the  normal  Chalk 
he  Lower  Eocene  (Reading)  Beds,  and  occupies  a  structural 
h  which  coincides  with,  and  is  probably  due  to,  a  synclinal' 
te. 


HSBALOQiOAL  SooiETY,  March  15th,  1905.  Professor  H.  A. 
i»  F.RS.,  President,  in  the  chair.  —  Description  of  the  big 
>nd  recently  found  at  the  Premier  Mine,  Transvaal  :  by 
\  H.  Hatch  and  Dr.  O.  S.  Corstorphine.  The  stone  weighed 
1^  lbs.,  and  its  greatest  linear  dimension  was  4  inches.  It  was 
[probably  less  than  half)  of  a  distorted  octahedral  crystal. — On 
new  mineral  localities  in  Cornwall  and  Devon  :  by  A.  E.  I.  M. 
)11.  An  account  was  given  of  various  new  finds  of  the  minerals 
se,  scheelite,  wolframite,  childrenite,  apatite,  and  connellite. — 
k  crystal  of  phenakite  from  Africa :  by  L.  J.  Spencer.  This 
al,  which  was  transparent  and  rich  in  faces,  was  brought  back 
her  with  crystals  of  tourmaline,  corundum,  and  amethyst,  by 
lev.  A.  North  Wood  from  the  Usagara  Country  in  German  East 
a. — Notes  on  various  minerals  from  the  Binneuthal,  Switzerland: 
.  T.  Prior  and  Q.  F.  Herbert  Smith.  Further  crystallographic 
chemical  details  were  given  of  the  three  new  red  minerals  from 
3innenthal,  originally  described  by  R.  H.  Solly,  and  named  by 
Smithite  (after  G.  F.  Herbert  Smith),  Hutchinsonite  (after 
lutchinson),  and  Trechmannite  (after  C.  0.  Treohmann). 
[lite  is  a  sulpharsenite  of  silver,  having  the  composition  repre- 
d  by  the  formula  Ag As S, ;  it  is  monoclinic  with  a:h\c  = 
)6  : 1 : 1-9570,  /3  78°  40'.  A  perfect  cleavage  parallel  to  100 
iguishes  it  from  the  other  two  red  minerals.  Hutchinsonite  is 
ibic  with  a :  6  :  c  =  1*6356  : 1 :  0*754:0.  A  prominent  form  is 
Trechmannite  is  rhombohedral  with  c  =  0*7265.  The 
aetry  is  the  same  as  that  of  quartz. — On  a  new  oxychloride  of 
9r  from  Sierra  Gorda,  Chili :  by  G.  T.  Prior  and  G.  F.  Herbert 
b.  This  new  mineral,  to  which  the  name  Paratacamite  was 
1,  has  the  same  chemical  composition  as  atacamite,  but  begins 
le  its  water  at  a  higher  temperature  than  that  mineral.  It  is 
lorhombohedral  with  rr^  =  83°  nearly.  Twins  about  r  are 
ion.    It  displays  optical  anomalies,  for  minute  fragm^txt^  \3av3at 
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the  microscope  are  found  to  be  biaxial. — On  Dandasite  from  Nc 
Wales :  by  Q.  T.  Prior.  The  mineral  was  fonnd  by  Mr.  H.  ^B 
•Collins  in  the  Welsh  Foxdale  mine,  Trefriw,  CamarTonshire ;  ; 
occurs  in  white  silky  radiating  tafts  on  oemssite  with  allophan^^^ 
analysis  showed  it  to  be  identical  with  dandasite,  hitberto  kno^p-n 
only  from  Dundas.  Tasmania.  A  probable  formula  is  Pb  0 .  Al,  O, . 
2 CO, . 4H, O  or  Pb  H, (CO.), .  Al,.  0H«. 


GRAPTOLITE  ZONES  IN  THE  ARENIG  BOCKS   OP  WALES. 

Sib, — It  has  been  brought  to  my  notice  that  in  my  paper  on 
**  Graptolite  Zones  in  the  Arenig  Rooks  of  Wales,"  I  have  omitted 
a  reference  to  a  paper  by  the  late  Mr.  T.  Roberts,  which  was 
published  in  1893,  Quart.  Journ.  Geol.  Soo.,  p.  166.  I  hope  I  made 
it  clear  that  I  fully  recognised  the  value  of  Mr.  Roberts'  work,  bat 
I  regret  the  unintentional  oversight. 

Qbbtbudx  L.  Ellis. 

Sedgwick  Museum,  Cambridge. 


LOWER  GREENSAND  FORAMINIFEEA  FROM  LITTLE  COXWELL, 

NEAR  FARINGDON. 

Sir,  —  A   book   entitled    "  The   Neooomien    Sponges,    Bryosoa, 
Foraminifera,  and  other  fossils  of  the  Sponge-gravel  Beds  of  Little 
Coxwell,  near  Faringdon,"  by  E.  0.  Davey,  has  just  been  published. 
It  gives  much  new  and  interesting  information  regarding  the  fosailB 
of  the  deposit.      It  was   only  of  recent  years,  however,  that  the 
author  became  aware  of  Foraminifera  occurring  in  the  gravels  ;  the 
credit  of  this  discovery,  he  tells  us,  is  solely  due  to  Mr.  F.  Mockler, 
of  the  Holburn  Museum,  Bath.     The  Foraminifera  were  sent  to  me 
to  be  named.      They  consisted  of  a  large  number  of  specimens 
belonging  to  53  different  species,  some  of  them  being  rare  and 
interesting  forms,  and  all  or  nearly  all  of  them  being  now  recorded 
from  the  place  for  the  first  time.     It  is,  however,  to  be  regretted 
that  the  proof  was  not  sent  to  me  for  correction ;  the  lidt  is  valuable, 
but  as  it  is  now  printed  contains  a  number  of  errors  as  regards  the 
Foraminifera,  and  as  it  would  be  most  desirable  that  it  should  be 
accurately  given  to  be  of  use  to  others,  I  would  be  much  obliged  if 
you  would  kindly  publish  in  the  Geologioal  Magazine  the  corrected 
list  which  I  now  enclose. 

FOBAHINIFEBA. 

e.  =  common.        v.c.  =  very  common.        r.  =  rare.        v.r.  =  very  rare. 

Cornuspira  cretaeea,  Rss.     v.r.  Ammodiseus  gordialis^  J.  &  P.     v.r. 

Placopsilina  cenomana ^A^Orh,  Specimens  Oaudryina  oxf/cotuif  Rss.     v.c. 

larj^e.     Frequent.  Bulimina  pupoidety  d'Orb.     v.r. 

Haplostiche  Soldanii  (J.  &  P.).     v.r.  Bolivina  tegulata,  Rss.     One  specimen. 

Thuramminopsis  canaliculatay  Ilaensler.  Lagma  globota  (Montagu),     v.r. 

v.r.  Nodosaria  {OL)  aqualit,  Rss.     v.r. 

■€i/clamm\na  canccUata^  Brady,    c.  N,  eahmorphay  Rss.    One  specimen. 
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iiyMOTMi     (2>.)     pauperata,     d^Orb. 

Speeimens  not  t3rpical.    T.r. 
if.  (D.)  ewtsobrinay  d*Orb.     r. 
If.fareimen  (Sold.),     v.r. 
JIT.  (D.)  communis,  d'Orb.     r. 
2f.  (D.)  Roemerij  Neug.    T.r. 
S.  (D.)  mucrotuUaj  Neug.     v.r. 
M  tomata  (Batscb).    Slender  form.    T.r. 
iT.f apAtfnw  (Linn6).     v.r. 
iM^na  carinata,  d'Orb.  Variety  with 

sements  slightly  compressed.     T.r. 
Mhabdojfonium     triearinatnm     (d'Orb.). 

Broken  specimens,     r. 
R.  Bwlmsis  (Hantk.).     c. 
B.  gkbuliferum,  fiss.     T.r. 
MargitMlina  WethereUii,  Jones.     T.r. 
y«ginulina  legumen  (Linn6).     r. 
r.  Unearit  (Montagu).     One  specimen. 
^.  orgutOf  Rss.     r. 
^.  harpa,  Boem.     c. 
^.«<ria^a,  d'Orb.     r. 
r.  marginuloidesy  Ess.     One  specimen. 
^-  rectay  Rss.     T.r. 
'Oriitillariarotulata  {'M.ontt.).     t.c. 
<?.  ^fta,  d'Orb.     c. 


4,  Alfbed  Strest,  Belfast. 
April  nth,  1905. 


Crittellaria  ertpidnla  (F.  &  M.).     c. 

C.  lata  (Comuel).    One  specimen. 

C.  ensii  (Ess.),     r. 

C.  Italica  (Defr.).    T.r. 

C.  Sehloenbaehi,  Bss.    T.r. 

(7.  acutauHeularis  (F.  &.  M.).     T.r. 

C.  tulcifera,  Bss.    r. 

C,  mbalata,  Bss.     r. 

Flabellina  ntgoiia,  d'Orb.     Some  of  the 

specimens  are  Tery  fine.     c. 
Folymorphina  communis ,  d'Orb.      One 

specimen. 
P.  lanceolata,  Bss.      Specimens  in  poor 

condition,    r. 
P.  sororiay  Bss.     One  fistulose  form. 
P.  regina,  B.,  P.,  &  J.      One  broken 

specimen. 
Ramulina  globulifera,  Brady,     c. 
Vxtrowebbina  irregularis  (d^Orb.).     T.r. 
Spirillina  margaritifera,  "Will.     T.c. 
Patellina  corrttgata,  Will.     c. 
Discorbina  orbicularis  (Terq.) .  Specimens 

intermediate  between   2>.  orbicularis 

and  D,  globularis.    c. 
Hotalia  orbicularis fd^ Orb.  One  specimen. 

Joseph  Weight. 


THE  FOBMATION  OF  CIBQUES. 

Sib, — Will  you  kindly  give  me  a  little  space  in  which  to  correct 
a  mistake  I  have  made  on  p.  437  of  vol.  i  of  my  new  book,  in  which 
I  have  done  a  double  injustice,  one  to  my  friend  Professor  Bonney 
and  the  other  to  myself. 

In  discussing  the  theory  of  the  ice  excavation  of  cirques  I  mention 
faim  as  a  champion  of  the  notion,  whereas,  as  is  perfectly  plain  from 
Ilia  writings,  he  opposes  that  theory,  so  that  he  is  on  my  side  entirely 
instead  of  against  me  on  this  point. 

The  fact  is  the  reference  to  Professor  Bonney  ought  to  have  been 

inaerted  in  an  earlier  chapter  and  in  reference  to  the  aqueous  erosion 

of  cirques,  a  view  he  does  endorse,  while  I  feel  obliged  to  side  with 

Falaan  and  the  other  French  geologists  who  have  studied  the  great 

oirquea  of  the  Pyrenees  and  attribute  them  to  deformations  and 

otherwise  original  structural  features  imposed  on  the  upper  Alpine 

and  other  valleys  at  the  time  the  contour  of  the  mountain  ranges 

waa  first  given  to  them.     As  it  is  my  practice  always  to  correct  my 

errors  when  they  have  been  pointed  out,  I  take  the  first  opportunity 

of  putting  this  small  slip  right,  and  it  is  particularly  pleasant  to  me 

since  I  gain  a  powerful  friend  to  my  side  of  the  argument  by 

doing  so.  Henry  H.  Howorth. 

30,  COLLINOHAM  PlACB, 

Cromwiill  Boad,  S.W. 
ApHl  nthy  1905. 
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HENRY    BENEDICT    MEDLICOTT,    M.A.,    F.R.S. 

BoBX  August  3,  1829.  Died  April  6,  1905. 

Mb.  Msdlioott  was  the  second  son  of  the  Rev.  Samuel  Medlioot^t, 
Eeotor  of  Loughrea,  oo.  Galway,  and  was  born  in  that  parish.    0!e 
was  educated   at  Trinity   College,  Dublin,  and  in   1851   he  was 
appointed  to  the  G^lo^ical  Survey  in  Ireland.     In  1853  he  wms 
transferred  to  the  English  branch  of  the  Ceologioal  Survey,  and 
worked  until  the  close  of  the  year  with  Aveline  in  the  Vale  of 
Pewsey  and  other  parts  of  Wiltshire.     Late  in  the  same  year  be 
was  appointed  on  the  staff  of  the  Indian  Q«ological  Survey,  and 
commenced  duties  in  1854.     During  that  year  he  was  also  chosen 
Professor  of  Geology  at  the  Thomason  College  of  Engineering  at 
Boorkee.      Mr.  Medlicott  became  Superintendent  (and  afterwards 
Director)  of  the  Geological  Survey  of  India  in  1876,  and  served  in 
that  capacity  until  he  retired  in  1887.     His  geological  work  related 
almost  wholly  to  India  and  is  published  in  the  Memoirs  and  Beoordft 
of  the  Geological  Survey  of  that  country. 

In  conjunction  with  Dr.  W.  T.  Blanford  he  brought  out  ii^ 
1879  the  well-known  ''Manual  of  the  Geology  of  India,"  whiob 
summarized  all  that  was  known  of  the  country  at  that  date.  Other- 
wise his  published  works  are  not  numerous.  He  communicated  ii^ 
1867  to  the  Geological  Society  of  London  a  paper  on  '<  The  Alpe 
and  the  Himalayas :  a  Geological  Comparison  "  (Quart.  Journ.  Geol 
Soc,  vol.  xxiv,  pp.  34r-52).  He  was  author  also  of  a  work  entitled 
"Evolution  of  Mind  in  Man,"  1892. 

In  1888,  shortly  after  his  retirement  from  the  public  service,  he 
was  awarded  the  Wollaston  Medal  by  the  Council  of  the  G^logical 
Society.  From  this  date  he  resided  for  the  most  part  at  CliftoOt 
near  Bristol,  where  he  died  at  the  age  of  76. 


Torquay  Natural  History  Society. — Mr.  Alexander  Somervailr 
the  Curator  of  the  Torquay  Natural  History  Society,  reports  that 
the  following  important  addition  has  been  made  to  the  Museum 
by  Mr.  J.  G.  Hamling,  F.G.S.,  of  The  Close,  Barnstaple,  who  has 
presented  his  valuable  collection  of  Devonian  and  Culm  fossils  of 
North  Devon  to  the  Society's  Museum.  The  collection  consists 
of  about  a  thousand  specimens  illustrative  of  these  two  geological 
formations.  It  is  in  North  Devon  where  the  Devonian  formation 
is  fully  developed,  its  upper  portion  being  almost  absent  in  the 
South.  The  upper  division  consists  of  the  Pickwell,  Baggy,  and 
Pilton  groups,  each  characterised  by  its  own  distinctive  fossil 
remains.  The  Culm  (or  Carboniferous)  formation  is  also  more 
fully  represented  in  North  Devon,  and  its  fossils  are  more  numerous 
and  varied.  The  whole  collection  will  prove  a  most  valuable 
acquiBition, 
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I. — NoTss  ON  British  Dinosaubs.     Pabt  II :  Polaoanthusu 

By  Dr.  Fbancis  Ba&on  Nopcba. 
(PLATE  XII.) 

FXT  to  Hypnlophodon  ^  it  was  Polaeanihus  which  attr6M)ted  my 
attention.  A  oareful  study  soon  showed  that,  after  the  death 
of  the  animal,  the  remains  of  some  Crooodilian  had  acoidentally 
become  commingled  with  this  Dinosaur.  Besides  this,  some  pieces, 
namely,  the  back  part  of  a  skull  and  a  cervical,  showed  remarkably 
I^tuiiio<2ofi-like  characters,  and  the  same  is  also  true  of  the  pubio 
bone  described  by  Seeley  in  1892  as  belonging  to  Folaeanthut. 

As  I  intend  pointing  out  further  on,  and  as  has  also  already  been 
done  by  Seeley,  Polaeanihua  was  constructed  essentially  after  the 
Struthiosaurus  plan,  and  this  is  the  reason  why  this  Iguanodon-lik& 
basi-occipital  has  to  be  removed  from  the  Polacanthua  remains. 

For  the  removal  of  the  pubic  bone  from  the  genus  PolacanihuSr 
similar  arguments  can  be  brought  forward. 

(1)  The  ischium  and  pubis  are  two  closely  correlated  bones,  and 
as  the  ischium  of  Polacanthua  is  totally  different  from  that  of 
Iguanodan  the  same  was  to  be  expected  as  to  the  pubis. 

(2)  Both  ischium  and  pubis  are  correlated  with  locomotion,  and 
as  Iguanodon  was  a  bipedal  and  Polacanthua,  on  the  contrary, 
a  quadrapedal  animal,  we  again  cannot  expect  Polacanthua  to  have 
an  IguanodonAike  pubis. 

Since  the  so-called  Polacanthua  pubis  differs  from  Iguanodon 
only  by  being  somewhat  shorter,*  and  agrees  very  well  with 
the  Iguanodon-like  basis  cranii  and  cervical  vertebrae,  I  think  it 
may  quite  well  belong  to  an  Iguanodon  -  like  animal,  and  not  to 
Polacanthua, 

*  For  Hyptilophodm,  see  Geol.  Mao.,  May,  1906,  pp.  203-208. 
'  Eren  this  nwy  be  due  to  fracture. 
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After  these  preliminary  remarks  one  can  determine  as  belonging 
to  Polacanthus — 

4  free  dorsal  yertebnc, 

1 1  co-o6sified  Tertebne,  fonniiig  together  with  ribs  and  dermal  armo'or  the  lumbo- 
sacral shield, 
19  caudal  yertebne, 

^  "^^*  \  ribs 
3  left    1"^' 

2  femora, 

1  right  tibia  with  fragment  of  fibola, 
1  right  (?)  metatarsal  Done, 

3  left    )  ,       ,     . 

6  right  }  ^°"^  ^P'"*' 

6  !^t  }  ^PP®^  **^^^  ^^^> 
some  plates  of  uncertain  position, 

and  besides  these  numerous  fragments.  Comparing  these  data  with 
those  given  by  Fox,  one  remarks  that  only  some  metatarsals, 
phalanges,  and  dermal  spines  are  missing. 

Vertebra. 

Although  the  vertebrsd  have  been  described  by  Hulke,  still 
I  think  some  characters  have  not  been  clearly  brought  out ;  more- 
over, a  comparison  between  the  vertebraa  of  Polacanthus  and  other 
Dinosaurs  is  still  entirely  wanting.  To  Hulke's  description  of  the 
foremost  dorsal  vertebrsB  scarcely  anything  has  to  be  added,  except 
the  facts  that  the  fractured  surface  of  the  spinous  process  shows 
a  quadrate  outline,  that  the  neural  canal  shows  lateral  compression, 
that  the  pne-  and  postzygapophyses  are  remarkably  near  the  median 
line  of  the  body,  and  that  the  postzygapophyses  project  rather  far 
backwards. 

Takin£^  into  consideration  that  only  4  free  dorsal  vertebrsB  are 
present,  while  one  can  count  not  less  than  7  ribs  belonging  to  the 
right  side,  and  that  between  the  first  and  second  of  these  ribs  a  con- 
siderable difference  is  observable,  it  is  obvious  that  Polacanthus 
possessed  at  least  8  free  dorsal  vertebrad,  so  that  together  with 
the  5  anchylosed  lumbodorsal  vertebrsB  the  hhidk  of  Polacanthus 
consisted  of  at  least  13  vertebrad,  and  assuming  the  presence  of  at 
least  7  cervical  vertebrad,  this  accords  well  with  the  number  of 
vertebrad  in  Scelidosaurus  (22),  while  in  the  reconstruction  of  Stego- 
saurus  24  vertebrad  are  given.  In  Triceratops  still  more  vertebraa 
seem  to  have  been  present.  At  all  events  the  back  of  Polacanthus 
mast  have  attained  a  length  of  90-100  cm.  This  dimension  will 
prove  of  great  value  in  the  reconstruction  of  the  dermal  armour. 

Compared  with  other  Dinosaurs  it  is,  as  already  mentioned, 
Struthiosaurus  to  which  the  dorsal  vertebras  of  Polacanthus  show 
the  most  remarkable  resemblance,  and  this  is  the  reason  why  near 
Fig.  1,  representing  a  dorsal  vertebra  of  Polacanthus,  a  sketch  of 
a  Struthiosaurus  vertebra  is  also  given.  There  seems,  furthermore, 
some  affinity  to  exist  with  the  vertebrsB  of  Omosaurus,  while  there 
are  no  points  of  resemblance  between  our  animal  and  l\i^  ^qx^Jcl 
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Americsii  Trieerat^*,  tha  ▼eitobro  of  tbo  latter  boing  mneh  mon 
abbrevi&ted  and  traniverHlj  expanded.  The  donal  Tertebna  oF  tlw 
hiKbly  interesting  SUgoceraa  and  Atoreoespioiiu  am  jet  pnotioalJ/ 
onknowD. 

Compared  Kith  Sedidotavnu  and  SUgoiOMnu  then  exiita  » 
remarkable  difference,  for  in  tha  former  the  diapopfajaea  an  gim 
ofT  at  a  miiofa  lower  point  than  in  Polaeantkn,  whila  SteyoMVU 
aeems  to  exaggerate  this  elevation  of  the  diapophyaea  which  •epatalei 
Potacanthiu  from  Se^idataunu.  In  a  fDtnre  paper  on  Aemtatt 
I  intend  to  come  back  ouce  more  to  thia  qneation,  and  I  aball  try 
to  ebow  why  this  elevation  of  the  nenral  arch  (visible  also  in  fossil 
South  American  alotbs)  was  developed.  Here  I  only  wish  to 
draw  attention  to  the  faot  that  in  a  recent  paper  (Ann.  Hag.  NaL 
Hist.,  1904)  Frofeeeor  Seeley  tries  to  explain  this  elevation  by 
the  upward  pressare  of  tha  lungs  againat  the  nanral  spinaa. 
The  anohylosis  of  the  lumbar  vertehne,  a  aniqna  feature  among 
Dinosaurs,  strongly  reminds  one  of  the  same  character  in  fi/ypfodos. 


and  may  be  explained  as  subserving  tbe  very  same  pnrpose. 
Bulke's  description  is  equally  satisfaotory  for  the  saoral  as  for  tbe 
lumbar  region  of  the  body.  The  inter. vertebral  position  of  all 
saoral  ribs  is,  however,  a  fact  worth  while  mentioning  once  more. 

There  does  not  seem  to  exist  any  especial  widening  out  of  the 
neural  canal  in  the  saoral  region,  as  recorded  for  SUgoeerai,  and 
also  visible  in  DaeentiirM  {Omo$anrui). 

Concerning  the  caudal  vertebrse,  there  is,  first  of  all,  tbe  curious 
fact  tu  be  noted,  that  while  Fox  originally  mentioned  20  vertebne 
and  I  myself  managed  to  count  19  distinct  centra  Hulke  mentions 
only  13,  80  that  for  some  time  6  were  apparently  missing. 

As  Hulke  points  out,  the  proximal  caudal  (Fig.  3)  are  muob 
broader  than  high,  and  have,  in  consequence  of  the  neural  oansl 
being  partly  lodged  in  the  centrum,  n  somewhat  depressed  heart- 
abated  outline.    At  tbe  same  time  they  are  mnch  shorter  than  the 
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^Ornb  and  Inmbars,  and   in   oooBeqaenoe  have  an    abbreviated 

^ppearanoe.      The  prooeasas  traasveni  are  given  o£f  from    the 

<^tram,  and  are  pointed  nearly  horizontally  outwards.    A  similar 

abbreviated  and  expanded  structnre  of  the  oentrum  may  be  observed 

on  some,  not  yet  described,  DacenturtU'like  vertebraa  in  the  Havre 

Kasenm.    I  therefore  think  the  original  shape  of  the  proximal 

eaadals  in  Folaeanthus  has  been  only  slightly  disfigured  by  pressure. 

The  neural  spine  is  not  very  long,  but  very  thiok,  and  the  prsa-  and 

low  pne-  and  postzygapophyses  do  not  project  far  out  over  the 

artionlar  surfaces  of  the  centrum. 

The  median  caudal s  differ  by  having  a  less  depressed,  less 
expanded,  and  more  elongate  centrum,  and  the  diapophyses  directed 
downwards  and  outwards.  The  neural  canal  is  much  smaller,  the 
•chevron  bone  articulated  nearly  entirely  with  the  hind  part  of  the 
oentrnm,  there  being  scarcely  any  impression  for  its  articulation  on 
ihe  anterior  margins. 


Fio.  3.- 
4.. 


>> 


3  4 

-Proximal  caudal  of  Polaeanthutf  posterior  view. 
-Middle  caudal  of  Polaeanthutf  anterior  view. 


Further  back,  towards  the  end  of  the  tail,  the  vertebras  become 
«till  more  elongate,  and  the  front  articular  surface,  which  was  slightly 
concave  in  the  anterior  and  median  caudals,  becomes  decidedly  couvez. 
The  posterior  surface  remains  concave  throughout  the  whole  vertebral 
<x)lumn.  In  Figs.  4  and  5  sketches  of  middle  and  posterior  caudals 
are  given. 

Until  now  only  one  chevron  bone  of  Polaeanthua  has  been  detected , 
but  this  one  is  quite  characteristic.  The  top  view  shows  a  nearly 
•quadratic  section,  and  at  its  distal  end  its  thickness  is  about  twice 
that  of  its  antero-posterior  dimensions.  Both  rami  are  exceedingly 
strong,  and  in  accordance  with  the  general  massive  structure  of  the  tail. 

There  is  a  striking  resemblance  between  the  root  of  the  tail  of 
PolaeaiUhus  and  that  of  the  gigantic  Megatherium;  the  rest  of  the 
tail  has,  however,  been  reconstructed  after  the  fiylceosauriM  ^^\\AX\i. 
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The  foxiTir  of  Ptlme&aihm  difin  hj  iti  prozliiud  and 
ex{Ma&:ii  tcit  Bukcdly  fnm.  die  «Bie  bone  in  DaeaUmm,  . 
Se«9i»BBr«f.  -cr  ev«fi,  thcagli  lev  n^  firom  Scrfidatawmg,  and  cin  ^ 
cclj  l«  ccBip*red  with  Sit  mflimmmtmi  firom  the  Goon  fonnatioo.  . 
AiziSK^  Tr.inrwliM  it  is  not  with  the  Pkobcwcidea  that  the  Pclaeamikwm 
f«&.cr  sLcdd  be  compared,  but  zather  widi  Dimoeeroa,  and  this  it  oS 
CO  szsall  interest,  frinoe  it  ia  the  Prphoeciiiean  femur  that  the  femn^ 
cf  iLe  Sttgosaarians  and  Saaropoda  iceme  to  hare  imitated,  lam 
my  f^nhcoming  lMuenturu$  paper  I  intend  to  ventilate  alao  thii^ 
qnesdv-n  which,  to  a  certain  extent,  has  alieadj  been  noticed  bj  thi^ 
laie  Professor  Hatcher. 

Derwuil  Arwumr^ 

As  Hnlke  mentioned  in  1881  and  1837,  one  can  distingaish  in  th^ 
dermal  armoar  of  Folacanthus  flat  platea  which  are  united  b^p 
ejnoetosis  and  form  a  buckler  covering  the  sacrum  and  the  lumbar 
r^on ;  besides,  there  are  small  button-like  round  scutes  which,  ai^ 
in  BjflaosauruSf  belong  to  the  end  of  the  tail;  then  there  are  keelecS 


Fio.  'i. — Two  of  the  posterior  caudald  of  PolaeatUhiu,  side  view. 

high  roof-like  scutes  which  also  belong  to  the  caudal  region,  further 
on  heavy  hpines  rising  from  a  flat  triangular  base,  and  besides 
this  largfj  oval  plates  which  show  a  rounded  keel  near  the  middle. 
It  can  ho  seen  that  in  this  particular  the  dorsal  ossifications  of  aa 
aniiTial  show  a  great  amount  of  specialisation. 

The  Kacroliinibar  buckler  is  well  known,  being  figured  and 
descriVied  by  Uulke  in  a  supplementary  note  in  1887.  It  is  to  be 
noticed  that  the  anterior  margin  is  thinned  out,  thus  indicating  that 
the  abrupt  anterior  end  is  not  due  to  fracture. 

Some  other  points  have,  however,  till  now  entirely  escapetl 
attention.  In  Hulke*8  figure  in  1887,  plate  9,  the  last  lumbar  rih& 
arc  drawn  ah  if  a  thinning  out  towards  the  margin  were  to  be  expected. 
This  is,  as  an  inspection  showed,  and  as  Seeley  already  pointed  out  in 
his  sketch  of  the  Folacanthus  pelvis,  not  the  case,  but  tbe  ribs  terminate 
nearly  at  the  median  dorsal  margin  of  the  ilium,  or  are  extended 
somewhat  beyond  and  above  the  prsBacetabuIar  process  of  the  ilium. 
As  Professor  Seeley  has  already  pointed  out,  the  structure  of  the 
ilium  hears  a  remarkable  resemblance  to  the  same  part  in  Omosauru* 
and  Slegosaurus,  but  I  do  not  think  it  is  dessication,  as  Seeley 
^^esily  puts  it,  to  which  we  owe  since  1892  the  visibility  of  the 
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'liao  bone  in  Polaeanihus,  but  I  rather  think  we  owe  this  simply 
to  the  Professor's  keen  eye  and  intimate  knowledge  of  Dinosaurian 
•Irooture.  Until  now,  howeyer,  though  already  mentioned  and 
^gared  by  Hulke,  no  attention  has  been  paid  to  the  fact  that  across 
all  the  dorsal  and  sacral  ribs  ossified  tendons  (ligaments  ossified) 
extend  which  show  a  considerable  amount  of  disturbance,  and 
thns  clearly  prove  that  they  have  not  been  co-ossified  either  with 
the  superimposed  dorsal  armour  or  with  the  underlying  ribs.  This 
alone  shows,  apart  from  all  other  physiological  considerations,  that 
right  and  left  from  the  median  dorsal  line  the  dorsal  armour  was  not 
oo-ossified  with  the  ribs,  and  if  co-ossification  did  occur  it  could  only 
have  happened  on  the  surface  of  the  ilia  and  along  the  summits  of 
the  neural  spines.  Through  this  indication  there  appears  to  exist 
a  still  greater  resemblance  between  the  so-called  *  BanubioaauruB ' 
bone  of  Oosau  and  Polcteanthua,  because  also  in  that  one  a  median 
empty  space  seems  to  have  separated  the  underlying  rib-like  bone. 
As  Professor  Seeley  has  likewise  mentioned,  the  iliac  bone  extends 
laterally  somewhat  beyond  the  lumbosacral  shield. 

Besides  the  dorsolumbar  shield  Hulke  distinguished  in  his 
seoond  Polaeanihus  paper  three  types  of  dermal  armour.  The 
roof -like  plates  Hulke  supposed  to  be  situated  d  cheval  above 
and  below  the  hasmal  and  neural  spines,  while  the  spines  were 
believed  to  be  situated  somewhere  on  the  thoracic  region,  and  flat 
shields  are  supposed,  according  to  Fox's  interpretation,  to  have 
covered  the  belly. 

Since  the  dermal  covering  of  no  Stegosaurid  animal  is  yet 
perfectly  known,  and  the  figure  Marsh  gives  of  Scelidosaurua  does 
not  seem  quite  correct  in  this  regard,  it  seems  at  first  rather  difficult 
to  decide  these  questions,  but  having  been  able  to  investigate, 
besides  Polaeanihus,  both  JlylcBosaurus  and  Scelidosaurus,  and  having 
fitted  in  Polaeanihus  numerous  new  pieces  together,  I  am  able  to 
assert  that  the  roof-shaped  scutes  formed  two  rows  right  and  left 
of  the  neural  spines  of  the  caudal  vertebrad,  and  that  the  highest 
spines  belong  to  the  scapular  region. 

Before  dealing,  however,  with  this  problematical  armour  it  is 
necessary  to  consider  first  the  nearly  perfectly  preserved  mail  of 
Seelidoiaurus.  On  the  body  of  Sceltdosaurus  one  can  trace  out  quite 
distinctly  seven  rows  of  dermal  ossifications,  which  show  that  the  back 
of  this  animal  was  covered  by  a  median  row  of  keeled  scutes,  on  the  sides 
of  which  a  smaller  row  is  visible.  In  this  second  row  the  tubercles 
increase  the  nearer  we  approach  the  sacrum.  Laterally  of  this 
second  row  we  can  distinguish  on  each  side  two  rows  of  scutes 
converging  forwards,  in  each  of  which  the  scutes  gradually  augment 
in  height  the  more  they  approach  the  scapular  region,  so  that 
meeting  at  the  scapula  these  two  rows  at  last  form  only  one  row  of 
rather  tall  spine-like  ossifications.  A  good  idea  of  the  way  they 
augment  in  height  towards  the  scapula  is  given  in  the  otherwise  not 
quite  correct  reconstruction  of  Sceltdosaurus  published  in  the  edition 
of  the  popular  guidebook  of  the  British  Museum. 

In  the  sacral  region  of  Scelidosaurus  the  dermal  osslfi.Q»l\otk!&  ^\.^ 
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strongly  displaoed,  and  it  ib  only  in  the  OMidal  region  that  we  find 
them  oomparatively  in  order. 

On   the  middle  part  of  the  tail   one  can  cleariy  diitingoiah 
three  roof-like  plates,    bne  placed   on  each  diapophysia  of  the 
centrum  and  one  on   the  neurapophysia  of   the  ajroh.     Farther 
back  one  can  only  observe  two  roof-like,  somewhat  aaymmetrical 
plates    placed    laterally    of    the    nearapophysis   and    above   the 
diapophysia,  thus  allowing  space  for  the  musoalua  latenlia  oaudsb 
A  thicker  plate  is  visible  in  one  place  laterally  of  the  chevron 
bone.      In  Diraeodon,  Stego§amiUf   and   J)aeeniitnu    (Oiaoaoairvi) 
we  know  that  the  end  of  the  tail  was  protected  by  a  doable  row 
of  spines,  while  the  anterior  caudals  and  all  the  other  vertebm 
supported  one  median  row  of  high  plates,  which  in  oonaequenoe 
of  their  abrupt  posterior  margin  were  pointed  somewhat  backwarda 
and  formed  an  acute  dorsal  ridge. 


Fio.  6. — One  pair  of  dermal  caudal  plates  of  Polaeanthut  (presenred  united  in 

matrix),  side  view. 

The  probably  complex  armour  of  the  CeratopsidsB  is  altogether 
unknown,  and  the  same  is  true  for  AeanthophoHs  and  Siruthtoaamms. 
Besides  Scelidosaurua,  JSylcBosaurus  is  the  only  European  armoured 
Orthopodous  Dinosaur  in  which  the  armour  is  still  partly  in  ntH,  and 
though  somewhat  disturbed,  one  can  notioe  that  this  Dinosaur 
possessed  at  least  two  rows  of  lofty  spines  which,  beginning  directly 
behind  the  head,  increase  rapidly  in  height  and  attain  their  maximum 
development  and  sharpness  in  the  scapular  region.  This  reminds 
one  to  a  certain  degree  of  the  armour  of  the  Iguana  tuberculata. 
The  lumbar  region  of  Hylaosaurus  is  nearly  unknown,  and  in  the 
tail  only  button-like  ossifications  seem  present 

Turning  back  to  Folacauthiis,  the  piece  figured  by  Ilulke  and 
fragments  which  I  succeeded  in  uniting  prove  that  some  of  the  roof- 
like plates  and  button-like  pieces  belong  to  the  armour  of  the  tail. 
By  placing  all  the  roof-like  plates  in  one  row  beside  the  caudal 
vertebrae  it  soon,  however,  became  evident  that  this  was  not  their 
natural  position,  for  the  row  they  formed  in  this  way  is  just  about 
twice  as  long  as  the  entire  series  of  caudal  vertebrsB. 

This  circumstance  drew  my  attention  to  numerous  facts  not  yet 
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iBtDtioned.  Two  lucb  candal  ipinea  meunra  Mob  21  om.,  two 
othen  19,  and  lo  on.  Beaides  this  tb«  p«oaIiar  features  of  the 
two  largeat,  tlie  two  next,  and  so  on,  ie  always  similar,  so  that 
■nvKiog  the  spines  acxiordiiig  to  the  ooloor  and  size  we  f^t  a  series 
attaining  the  presumed  length  of  the  tail  of  Polaeantkua.  This  alone 
woald  be  enoagb  to  prove  that  the  plate-like  soatea  were  arranged 
in  pairs  along  the  tail,  but  besides  this  and  the  comparison  witii 
iSaefwIosaariM  there  is  yet  another  point  to  prove  it. 

B;  carefully  uniting  some  fragments  I  managed  to  bring  two 
'plates  of  equal  size  still  united  with  matrix  in  close  oontaot 
with  an  underlying  vertebra,  and  this  piece,  as  well  as  the 
nnsymmetrioal  oharaoter  of  two  nnorusbed  pieoee  (wbioh  prove  to  be 
tbe  before-msntioaed  last  pair  of  scutes),  shows  that  the  roof-like 
j>late8  oould  not  have   been  arranged  in  any   other  manner   than 


Fia.  7. — Anterior  donal  dermal  spiue  ot  ralaeanlhut,  interior  (medisn)  riaw. 


indioafed  in  the  reoonitructioD.  Thus  the  whole  top  of  the  tail  of 
^oIoeonfAui  was  covered  with  two  rows  of  diverging,  broad,  sharp- 
-«dged  plates,  while  tbe  button-like  osiicles  were  distributed  between 
them  BO  as  to  cover  the  empty  spaces. 

In  consequence  of  their  great  an tero- posterior  length  eaoh  of  tbe 
main  scntes  was  not  fixed  merely  on  one  but  on  two  or  three  caudal 
-vertebra,  thus  restricting,  together  with  the  ossified  tendons,  the 
movement  of  the  powerful  tail. 

Having  finished  with  the  tail  and  its  armour,  the  queetion  where 
to  place  the  dermal  spines  (Fig.  7)  of  Polaeanlhut  became  quite 
easy.  They  could  neither  belong  to  the  tail  nor  lo  the  lumbosacral 
r^on.  They  come,  therefore,  evidently  from  the  anlerior  part 
of  the  body.  They  are  asymmetrical ;  according  to  their  size  they 
can  be  arranged  in  pairs,  and  the  rows  thus  formed  attain  a  length 
of  160  cm.     Bibs  and  free  dorsal  vertebne  show  that  tb«  tAxcixwna 
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region  of  Folacanihus  measured  90-100  om.,  and  iB  thus  considerablj 
shorter  than  the  space  which  these  spine-like  ossifications  coTer. 
Supposing,  however,  that  the  spines  extended  anteriorly  right  to 
the  back  of  the  skull,  as  they  do  in  JETylaosaurw,  and  at  least 
7-8  cervical  vertebrae  to  have  been  present,  this  agrees  with  the 
length  indicated  by  the  double  row  of  spines,  and  in  oonseqnenoe 
one  cannot  help  rebuilding  Folacanihus  in  a  JSytoofaicnis-like  manner. 
The  coexistence  of  large,  asymmetrical,  round,  thick,  feebly  keeled 
plates,  together  with  the  spines  in  question,  shows  furthermore  thtt 
the  other,  probably  more  inferior  rows  of  the  dermal  covering  were 
not  formed  by  spines,  but  by  elements  of  another  type ;  these  are 
the  single  pieces  that  one  cannot  place  tii  sii^ 


t 


Fig.  8. — Postorior  view  of  a  pairof^anterior  dorsal  dernial  spine?  of  Polacanthut. 

Conclusion, 

The  conclusions  drawn  from  the  fresh  study  of  Polacan(hu$ 
are  expressed  in  the  reconstruction  of  the  animal  as  carried  out 
by  the  *  mason  forniatori '  of  the  British  Museum,  Mr.  Barlow, 
under  Dr.  A.  S.  Woodward's  and  my  superintendence  ;  and  this 
reconstruction  afforded  the  basis  for  the  Plate  accompanying  this 
paper.  Through  this  reconstruction  Dr.  Hulke's  and  the  Rev.  W. 
Fox's  general  views  about  Polacanthus  are  nearly  completely  in 
accord.  Folacanihus  was  an  animal  of  low  stature,  whose  height 
at  the  rump  did  not  exceed  three  feet.  Its  strongly  marked  bones 
and  their  large  joints  speak  of  its  immense  muscular  power,  whilst 
the  shortness  of  its  limbs  and  the  anchylosis  of  the  lumbar  vertebne, 
welding  the  loins  and  the  sacrum  into  a  long  inflexible  rod,  give 
probability  to  its  having  been  a  slowly  moving  vegetable- feeder. 
With  these  characteristics  one  might  venture  to  add  the  remark 
that  Folacanihus  was  a  sort  of  Glyptodon  among  the  Dinosaurs. 

EXPLAXATIOX  OF  THE  PAGE-PLATE  XII. 
The  shaded  parts  of  the  drawing  indicate  the  parts  actually  pref^en-ed  ;  the  rest  has 
hecn  recouBtrucied  according  to  t\\e  e^iOwiiice  cdlotdei  b^*  Stvuthio8auru$, 
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L— On  a  Collbotion  of  Trilobitss  vbom  the  Upper  Cambrian 

OF  Shantung,  North  China. 

By  Henby  Woodwakd,  LL.D.,  F.E.S.,  F.G.S. 

{Concluded  from  the  May  Nutnbery  p.  215.) 

(PLATE  XIII.) 

PNTINDING  the  notice  of  Herr  H.  Monke'e  paper  on  the^ 
)  Trilobite-bearing  limestone  slabs  of  Yen-tsy-yai,  the  author 
iseryes :  —  The  very  dense  and  solid,  slightly  arenaoeous  lime- . 
ones  of  Yen-tsy-yai  consist  of  horizontal  slabs  (from  1-2}  om. 
Ick)  of  a  dark  bluish-grey  colour,  [p.  109]  Whilst  showing  no 
aoes  of  fossils  in  their  interior,  the  limestone  slabs  are  on  one  side 
A  shown  on  pi.  iz)  ^  often  completely  covered  with  the  remains  of 
rilobite  carapaces,  besides  which  are  found  only  isolated  very  minute 
lells  of  Brachiopoda.  Between  them  are  here  and  there  irregular^ 
ngthened  furrows,  which  may  be  the  tracks  of  the  Trilobites ;  on 
le  corresponding  opposite  parts  of  the  stabs  are  similarly  shaped 
)rmiform  protuberances.  It  follows  that  tlie  fossiliferous  side  is 
»  be  considered  as  the  natural  upper  part  of  the  slabs.  In  a  certain 
imber  of  the  slabs  either  both  sides  or  one  only  are  covered 
)sides  by  a  thin  argillaceous  stratum,  which  equally  contains^ 
lOUgh  less  frequently,  delicate  remains  of  fossils ;  in  all  the  other 
aba  the  fossils  present  themselves  en  re/iV/ and  often  rest  on  a  small 
ise  of  limestone,  and  therefore  convey  the  impression  of  having 
3en  originally  covered  by  a  thin  argillaceous  stratum,  which  later 
1  was  washed  away  by  water. 

Where  the  fossils  are  covered  by  the  protective  argillaceous  layer 
id  could  be  developed  by  preparation,  they  are  in  an  excellent 
ate  of  preservation ;  where,  however,  the  argillaceous  layer  is 
anting,  the  fossils  are  generally  much  worn  and  their  delicate 
iulpturing  has  disappeared.  Complete  carapaces  of  Trilobites  have 
>t  been  found ;  with  the  exception  of  a  single  instance  in  which 
iven  pleurae  are  still  united  in  their  original  connection,  all  the 
jrapaces  were  broken  up  into  single  segments ;  these  present 
lemselves  mixed  together,  exhibiting  either  their  superior  or  in- 
rior  side  on  the  upper  surface,  and  are  much  broken.  This 
mdition  of  things  makes  it,  of  course,  difficult  to  find  out  the  parts 
bich  belong  together ;  on  the  other  hand,  it  enables  one  to  study 
le  structure  of  the  carapace  in  all  its  details.  A  close  examination 
ivealed  the  remarkable  fact  that  the  remains  do  not  belong  solely 
>.  110]  to  adult  specimens,  but  that  every  possible  degree  of  age, 
)wn  to  individuals  of  microscopic  size,  are  present  in  about  equal 
imbers.    The  explanation  of  this  phenomenon  may  be  that  the  thin 

*  Our  Plate  XIII  is  not  copied  from  llerr  H.  Monke's  beautiful  plate,  but  is  taken 
>m  a  part  of  the  tine  slab  presented  to  the  British  Museum  by  the  liev.  Samuel 
)uling,  M.A.,  Ching-chow-tu,  Kiao-chow,  China,  and  was  evidently  obtained  from 
0  very  same  qtiarry  which  furnished  the  slabs  fo^^^'ferded  to  Berlin  by  Herr 
3rgmeu*ter  F.  Koerfer,  from  the  Upper  Sinic  Limestones  of  Yen-tsy-yai,  where 
considerable  trade  in  these  slabs,  crowded  with  remains  of  Trilobites,  appears  to  be 
rried  on  by  the  Chinese,  under  the  title  of  *  petritied  swailowa'  \ 
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argillaoeouB  layers  between  the  single  limestone  stimtn  oortesposd 
to  periods  daring  which  the  oonTeyanoe  of  fine  Sirgillaosoai 
sediments  prodaoed  a  widespread  turbidity  of  the  water,  so  that 
tbe  Trilobites  could  take  advantage  of  these  periods  to  nndeigo  their 
ecdysis  whilst  protected  from  the  eyes  of  their  enemies. 

Wbat  besides  makes  these  slabs  from  Yeu-tsy-yai  partionlsily 
interesting  is  their  surprising  agreement  with  the  above-mentioned 
plate  from  Peking,  as  the  comparison  of  our  pi.  ix  with  Bergeron's 
pi.  xiii  will  show ;  so  that  the  latter  might  be  presumed  to  oome 
from  the  same  locality  (as  already  mentioned,  these  slabs  are 
commercial  articles  in  Gliina).^  However,  a  closer  investig^ition 
shows  small  differences  in  the  fauna,  and  for  this  reason  I  incline 
to  admit  that  the  slab  in  fact  comes  "from  the  mountains  north  uf 
Peking,"  where,  according  to  Von  Bichthofen  (op.  oit.,  p.  317),  the 
Sinic  strata  are  abundantly  represented  in  the  Nankon  chain,  lliere 
is  no  doubt  that  this  slab  belongs  to  the  same,  or  approximately  the 
same,  geological  horizon  as  those  from  Yen-tsy-yaL  Regarding  the 
other  question,  whether  all  the  73  slabs  from  the  latter  locality 
are  of  the  same  geological  horizon,  it  may  be  mentioned  here,  in 
anticipation,  that  almost  without  exception  each  of  the  slabs  exhibits 
representatives  of  all  the  species  of  Trilobites  named  in  the  ooUection, 
save  in  the  case  of  some  of  the  rarer  forms. 

In  the  memoir  by  Herr  H.  Monke,  from  which  we  have  extracted 
Ihe  foregoing  account  of  the  Trilobite-bearing  beds  of  Yen-tsy-yai, 
the  author  figures  and  enumerates  the  following  genera  and  species, 

iiamely : — 

1.  AgnoBtns  Koerferi,  gen.  et  sp.  nov.,  taf.  3,  figs.  1-9. 

2.  Lioatracina  Krauseri^  gen.  et  sp.  nov.,  taf.  3,  figs.  10-17. 
o.  Teinistion  Lausi,  gen.  et  sp.  nov.,  taf.  4,  figs.  1-17. 

4.  Teinistion  Sodeuij  gen.  et  sp.  nov.,  taf.  5,  figs.  1-4. 
o.  Diepnunra  Premeanili,  Bergeron,  taf.  5,  figs.  5-19. 
0.   J)re/iaunrn  Ketteleri,  sp.  nov.,  taf.  6,  figs.  1-14. 

Embryonal  forms,  taf.  6,  figs.  15-18. 
7.  tSiephanocare  liichthofeni,  gen.  et  sp.  nov.,  taf.  7,  figs.  1-15. 
H,   \iSlephauocare  sinense,  Bergeron  (not  figured).] 
li.  tSlephanocare,  sp.,  taf.  8,  figs.  1-4. 

Drepannra  Ketleleri  (hypostome),  figs.  5-6. 

JJrepauura  Fremesnili  (hypostome),  Bergeron,  taf.  8,  figs.  7-9. 

Siephanocare  Richthofeni  (hypostome),  taf.  8,  figs.  10-11. 

*Slah  (taf.  9).  This  slab,  which  agrees  most  exactly  {even  ts 
size)  with  that  of  which  a  part  forms  the  subject  of  our  Plate  Xlll, 

^  This  seems  less  suq)risinjj  when  it  is  borne  in  mind  that  the  higher  classes  in 
Oh i nil  are  vcrv  frreat  cunuoi'^seurs  of  natural  curiosities,  which  they  purchase  and  cause 
to  he  mounted  as  articles  of  bijouterie  and  vertu.  Natural  st4>nes  of  all  kinds  cut  and 
h({uar«;(l  up  or  cut  and  poli.'shed  are  sold  in  the  shops  of  cities  in  China,  often  Umf 
dmdincis  from  the  localities  where  the  specimens  were  originally  obtained.  Mr.  OicK 
ha-^  referrcnl  to  this  circumstance  in  connection  with  the  eelebrate<l  *  pagoda-stonus ' 
(sections  of  Orihocenm)^  which,  being  cut  into  slabs  and  mounted  in  frames  t«>  fonn 
ornamental  panels  and  screens,  may  now  be  met  with  as  trade  articles  in  aJmost  anr 
j)art  ol  China. -JI.  W. 
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emtains  abundant  repreaentatives  of  parta  of  all  the  speoies  of 
IVilobitea  enumerated  above,  exoept  SUphanoeare  mimiim  of  Bergeron. 
It  measuTes  245  X  205  mm. 

The  slab  obtained  by  the  Bev.  S.  Couling  also  measures  250  X 
205  mm.,  but  the  portion  photographed  and  figured  only  representa 
about  180  X  112  mm.  In  order  to  add  to  the  value  of  the  slab 
aa  additional  tail  of  Drepanura  Fremetnili,  Bergeron  (Fig.  1),  haa 
been  very  carefully  inserted  by  the  Chinese  lapidary  into  the  slab 
(see  Plate  XIII,  3*),  though  its  identity  as  a  species  which  occurs  in 
thia  bed  from  Ten-tay-yai  is  vouched  for  by  other  pygidia  of  the 
nme  species  forming  a  part  of  the  original  slab. 

In  the  form  named  Drepanura  Ketideri,  H.  Monke  (which  like- 
Ihepanura  PremeBntU,  Bergeron,  is  founded  upon  detached  pygidia 
and  aeparate  and  imperfect  head-shields,  also  with  elongated  oheek- 
•pinea),  the  lateral  caudal  spines  are  very  much  more  elongated,  and 
remind  one  of  the  very  long  lateral  cheek  and  caudal  spines  of 
BaihjfnotuB  holopyga,  Hall,  from  the  Lower  Oambrian  (or  Olenellu$ 
sone  of  Walcott),  Western  Vermont,  North  America.  [Fauna  of  the 
Lower  Cambrian,  C.  D.  Walcott,  pi.  zcv,  figs.  1,  la,  p.  646.] 


Fig.  1. — Pygidium  of  Drepanura  Premesnili,  Bergeron.     Nat.  fiize.     N.  Cambrian: 

Yen-tsy-yai,  Province  of  Shantung,  North  China. 

Stephanocare  Biehthofeni,  of  which  detached  parts  are  seen  upon 
our  slab,  FI.  XIII,  Figs.  1  and  2,  is  represented  on  Herr  Monke's 
plate  by  six  glabellsB,  two  detached  free-cheeks,  and  three  pygidia. 
There  is  an  element  of  uncertainty  about  the  correlation  of  some  of 
these,  the  underside  of  the  pygidium  (figs.  12  and  13)  not  agreeing 
very  well  with  the  upper  side  (Qg.  11,  taf.  7),  nor  the  glabellad 
(figs.  1,  2,  and  3)  with  figs.  4,  5,  and  6  of  the  same  plate  (taf.  7). 

1  figure,  p.  254  (Fig.  2),  a  detached  pygidium  preserved  ou  a  piece 
of  yellow,  compact,  fine-grained  limestone,  which  has  been  polished 
probably  carefully  and  constantly  by  hand  until  it  resembles  a  piece 
of  polished  'soapstone.'  It  is  near  to  Herr  Monke's  fig.  11,  taf.  7, 
but  either  his  specimen  is  unsym metrical  (a  very  rare  occurrence  in 
a  Trilobite),  or  else  the  artist  has  drawn  the  pygidium  with  six 
marginal  dentations  on  the  left  side  of  the  figure  and  seven  on  the 
right,  or  he  intended  to  indicate  that  it  had  one  central  spine  and  six 
marginal  spines  on  each  side.  In  fig.  12,  depicting  the  underside,  the 
artist  represents  it  with  six  dentations  on  each  side  and  no  central 
spine.  The  number  of  coalesced  segments  in  Herr  Monke*s  fig.  11 
is  four;  in  Mr.  Couling's  specimen,  drawn  p.  254  (Fig.  2),  there 
are  six  coalesced  segments  visible  and  a  small  raucro  m  \\\«  ^twVi^ 
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with  six  dearly  defined  marginal  Mrrations  on  eaoh  nde.  For  thii 
-form  of  pygidium  Bergeron '  adopts  Meek's  gsnerio  name  Oleiuida,* 
with  wliioh  it  certainly  agrees  moat  oloaely.  I  shonid  venture  to 
euggoBt  to  Herr  Monks  that  Slephanoeare  ahonid  b«  merged  in 
■Oleuoidei  (Meek,  1888)  aa  the  older  and  eitablished  name. 

The  specimen  here  referred  to  Fig.  2  (locality  uncertain,  probably 
from  Shantung)  measuree  31  mm.  in  breadth,  by  19  mm.  in  length ; 
-the  axis  is  16  mm.  broad  at  the  proximal  border,  where  it  onoe  joined 
the  oephalo thorax,  diminishing  gradually  to  6  mm.  above,  where  it 
terminates  in  a  slender,  rounded,  muoronate  point,  which  merges 
diatally  into  the  dentated  border.  The  pleune  or  lateral  lobes  of  the 
tail  are  roundly  elevated  and  elegantly  curved,  as  shown  in  the  two 
views  (a  and  b,  Fig.  2).  They  are  covered  with  minute  rounded 
pustules.  A  shallow  groove  divides  eaoh  lobe  or  ooalesoed  segment 
of  the  tail  by  a  smooth  and  well-marked  farrow.  The  divisions  of 
the  axis  are  rounded  and  raised,  and  separated  by  well-defined 
grooves. 


It  ia  interesting  to  notice  how  cJoaely  this  form  (Pig.  2)  agrees 
with  the  pygidiura  of  Olenoidu  Mareoui,  Whitfield,  sp.,  from  the 
Lower  Cambrinn  of  North  America  (see  Walcott,  Fauna  of  Lower 
-Cambrian,  pi.  xciv,  figs.  2a,  2b,  pp.  642  and  575).  It  also  agrees 
closely  with  Bergeron's  figurea  and  those  of  Herr  Monke's 
(taf.  7,  figs.  11,  12,  and  13).  Several  other  pygidia  occur  on 
smaller  slabs  of  yellow  limestone,  obtained  by  the  Eev.  S.  Gouling 
at  Kiao-ohow,  North  China,  though  not  from  Yen-tsy-yai,  but  one 
of  the  other  fossil -yielding  quarries  in  the  Shantung  province.' 
There  are  also  some  additional  Cephalopoda  which  it  is  hoped  may 
yield  further  information  as  to  the  age  of  these  beds  when  Mr.  G.  G. 
Crick  is  enabled  again  to  take  them  up. 

It  would   be  very  agreeable  to  review  in  detail  Herr  Monke's 

I  "Etude  de  quelqnes  Trilubitea  de  Chine":   Bull.  Soc.  O^ol.  France,  rfy    m 

(1889),  p.  499,  t   "- 


rhey  are  probabl}'  identical  nith  Bergeioi 
i,  also  seen  on  slab,  pi.  liii,  Eg.  f>. 


Dee.  V.  Voi.  It,  I'l.  XIII, 


Slab  of  L/incstone  covered  \vk\\  vcmams,  u'i'XVA^Uvt.s  of  L'pper 
Cambrian  age,  from  \en-t.sy-'saX,S\\?L.n\.wwi^,t:>;\TVTi„ 

Ot<l«in«d  by  (he  Rev,  S4«««\C(nl\^^lt^'i^■^■■.«^ 
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fipedeB  from  North  China,  but  I  feel  before  doing  so  the  need  of 
better  and  mora  complete  speoimens  at  my  command  upon  which  to 
foand  a  revision.  I  can,  therefore,  only  express  my  thanks  to 
Herr  Honke  for  the  valuable  work  he  has  accomplished  with  the 
TBiy  fragmentary  material  at  his  command.  I  have  also  to  tender 
ny  beat  thanks  to  the  Bev.  Samuel  Couling  for  entrusting  me 
with  all  the  specimens  he  was  able  to  obtain  and  presenting  them 
to  the  Geological  Department  of  the  British  Museum  (Natural 
History),  Cromwell  Koad. 

EXPLAXATION  OF  PLATE  XIII. 

The  photo  reproduction  of  fossil  remamrt  .ohown  on  c»ur  i)l:tt<i  has  heon  taknn  from 
aportioii  of  a  large  slab  procurcHl  by  the  Kav.  Samuel  Coulin^^,  M.A.,  uf  Kiao-chow, 
North  China,  and   in  a^  consideml  by  Ilerr  11.  Mnnkf  to  be  Upper  Cambrian. 
TliB  slab  and  its  trilobiU'S  a«n'ei«  exactly  with  a  nunilxT  (»f  othcrtt  obtained  for  the 
Boyal  Pmsrian  Geological  Survey  and  iWr^-Akadcmic  in  Derlin  from  Yeu-tsy-yai,  in 
the  FroTince  of  Shantun;;,  North  (^hina.      Size  of  original  slab,  260  x  20.^  mm. 
Sin  of  portion  of  slab  reproduced  in  plate,  180  x  112  mm.     On  the  slab  may  lie 
teen  examples  of  the  followmg  genera  and  npecies*  indieate<l  by  small  fi<^re:i  on'iht; 
sugin  of  the  plate,  and  in  the  case  of  Fig.  1  on  tlie  fossil  slab  itself: — 
Fio.  1. — Free-checks  of  Stephanocare  Richthofeni  (ver}*  numerous). 
,,     2. — Fygidia  of  Stephanoeare  liichthofeni  (seven  exam])les). 
S. — Pj'gidia  of  Drepannra  Prftfwmili,  Ber;?.  (live  examples). 
4. — Free-cheek  with  cheek-spine  of  Drepamtra  KttteUri  (one  example). 
6. — Head-sliields  and  py^^idia  of  AgnontuH  Koer/n-i  (numerous). 
„     6. — Hypostome  of  SUphnnoeare  Richthnfmi  (one  example). 

This  plab,  t^igether  with  various  other  separate  Trilnbito  remains  and  stime 
Cephalopodn,  have  been  presente<l  by  thellev.  Samuel  Couling,  M.A.,  to  the  Trustees 
<*f  the  British  Museum  (5^atural  Uistor}-)  fur  the  Geological  Departinent. 


ft 
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III. — Note  on  Fragments  op  Chert  pro3i  North  CniN.\. 
By  Dr.  Georoe  J.  IIinde,  F.R.S.,  F.G.S. 

THE    fragments  of  partially  weathered  chert  from  North  China 
Bent  by  the  Rev.  S.  Couling,^  unfortunately  without  indication 
of  the  particular  locality  or  formation  where  they  wore  collected,  aro 
of  wbitishy  slate-grey,  or  pinkish  aspect,  and  in  two  instances  show 
traces  of  banded  structure.     They  consist  of  cryptocrystalline  or 
xniotoorystalline  silica  with  small  areas  in  which  the  silica   is  of 
«   fibrous  ohalcedonio  character.      Remains  of  organisms  can  be 
dietinguished  in  each  of  the  four  microscopio  sections  which  have 
been  prepared,  but  they  are  generally   so  shadowy  and  indefinite 
that  their  nature  cannot  be  satisfactorily  determined.     Some  portions 
of  elide  marked  A  are  crowded  with  slender,  straight,  or  slightly 
oarved  linear  bodies,  about  '11  mm.  in  length  by  '01  mm.  in  width. 
'which   in  places  have  a  sub-parallel  or   sheaf-like   arrangement. 
They  might  be  supposed  to  be  sponge  spicules,  but  in  their  size  and 
clispoBition  they  seem  to  differ  from  any  fossil  spicules  with  which 
I  am  acquainted.      Slide  C   largely  consists  of  numerous   small, 
Toanded,  oval,   and  conical    forms   without   walls,   ranging    from 
'1  to  1*7  mm.  in  diameter.     In  outline  and  in  size  many  of  these 

*  Of  Ching-chow-ln,  Kiao-chow,  Shantung,  Xorth  China. 
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bodieB  might  be  oompared  to  Badiolaria,  bnt  u  they  are  now  not 
sharply  delimited  from  the  clear  matrix,  bat  by  a  granular  atmohiie 
without  other  features,  it  would  be  rash  to  assert,  saTO  upon  farther 
evidence,  that  they  belong  to  these  organisms.  In  slide  D  there  are 
some  well-defined  circular  bodies,  -03  to  '1  mm.  in  diameter,  with 
clear  solid  walls,  and  not  infrequently  a  central  spot  in  each,  which 
very  much  resemble  transverse  sections  of  sponge  spicules,  and  it  is 
possible  that  this  may  be  their  true  nature,  but  some  doubt  rests  on 
this  owing  to  the  apparent  absence  in  the  slide  of  longitudinal 
sections  of  spicules. 

Though  these  fragments  give  fair  evidence  of  a  probably  oiganic 
origin  of  the  chert,  it  would  need  carefully  chosen  specimens  of  the 
rock  to  furnish  proof  of  the  nature  of  the  organisms  in  it. 


IV. — On  a  Displaoed  Mass  of  Chalk  on  thb  Fobuhori  of 

Spbeton  Cliffs,  Flabibobough  Head. 

By  B.  HoBSox,  M.So.,  F.G.S. 

WHEN  revisiting  Speeton  on  the  6th  of  April,  1905,  I  wae 
surprised  to  find  that  the  exposures  of  Bed  (Hunstanton) 
Chalk  on  the  beach  at  the  locality  (about  500  yards  east  of  the 
mouth  of  Speeton  Beck)  where  the  excellent  vertical  section  de- 
scribed by  Mr.  W.  HilP  occurs  were  almost  invisible  owing  to 
the  acoumnlation  of  boulders  of  white  chalk  by  which  they  were 
covered.     At  length  I  found  a  small  exposure  of  Red  Chalk  near 
low  water  mark  and,  within  3  or  4  yards  to  north  of  it,  that  is, 
seawards,  I  came  across  a  reef  of  chalk  in  well-defined  beds,  each 
perhaps  6  or  8  inches  thick,  weathered  to  a  brownish  or  drab  tint. 
This  chalk,  when  freshly  fractured,  was  hard  and  white,  quite  unlike 
the  true  Bed  Chalk,  although  practically  at  the  same  level.     The 
prevailing  dip  of  the  white  chalk  of  the  reef  was  from  25°  to  28° 
to  W.  40°  S.  mg.  (=  W.  57°  S.  true),  and  the  length  of  the  exposure 
along  the  strike,  so  far  as  the  limited  time  at  my  disposal  would 
allow  me  to  observe,  was  65  paces  (say  55  yards),  the  width  in 
the  direction  of  dip  being  16  paces   (say  13^  yards).     So  far  as 
I  have  been  able  to  gather,  this  reef  of  white  chalk  to  seaward  of,  and 
apparently  dipping  benenth,  the  Red  Chalk  has  not  been  described. 
Four  possible  explanations  of  its  occurrence  may  be  suggested. 

(1)  It  might  be  regarded  as  underlying  or  forming  the  base  of 
the  Bed  Chalk.  Against  this  view,  the  totally  di£ferent  character 
of  the  white  chalk  of  the  reef  from  that  of  the  true  Bed  Chalk,  and 
the  well-known  fact  described  by  Meyer*  and  Lam plugh  '  that  the 
Bed  Chalk  directly  overlies  Speeton  Clay,  are  conclusive  evidence. 

^  W.  Hill,  "  Ou  the  Lower  Beds  oi  the  Upper  Cretaceous  Series  in  Lincolnshire 
and  Yorkshire" :  Quart.  Jouni.  Geol.  Soc.,  vol.  xliv  (1888),  pp.  337  and  345. 

*  C.  J.  A.  Meyer,  "Note  on  the  Passage  of  the  Red  Chalk  of  Speeton  into  an 
underlying  Clay-hed"  :  Geol.  Mao.,  Vol.  VI  (1869),  p.  13. 

*♦  G!  AV.  Lumplugh,  **  On  the  Subdi\iBion8  of  the  Speeton  Clay** :  Quart.  Joum- 
Geo).  Soc,  vol.  xlv  (1889),  pp.  .')81,  C03,  and  fig.  8  ifacing  p.  618. 
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(2)  It  might  be  held  to  be  thrown  down  by  a  normal  fault 
against  the  Red  Chalk  seen  3  or  4  yards  to  south  of  it  The  only 
fault  shown  on  the  Geological  Survey  Map,  95  S.E.  (published  1881), 
is  one  with  an  east  and  west  strike  by  which  the  main  mass  of  the 
Clhalk,  north  of  the  village  of  Speeton,  is  thrown  down  on  the  sotdh 
igaiost  the  Speeton  Clay.  Mr.  Fox- Strang  ways '  remarks:  '*The 
unction  of  the  Chalk  with  the  underlying  clays  is  very  obscure 
owards  its  eastern  end ;  below  Speeton  and  Beighton  we  have  repre- 
tented  the  junction  by  an  uncertain  line  of  fault,  the  principal 
(Tidence  for  which  is  obtained  in  the  stream  running  down  to  the 
ea  below  the  former  village,  where  there  are  beds  of  red  and  white 
thalk  resting  against  the  thrown  up  and  disturbed  Neocomian  Clays, 
rhere  is  a  great  undercliff  of  Chalk  at  this  point,,  which  much 
ibscures  the  section,  and  which  might  cause  the  irregularity  ob- 
lerved  in  the  beck."  Lamplugh'  remarks:  ^'I  think  the  supposed 
ndications  of  a  fault  may  be  better  explained  by  an  ancient 
*onndering  of  the  chalk  escarpment,  possibly  in  pre- Glacial  times." 
^o  white  chalk  is  shown  on  the  Geological  Survey  map  to  the  north 
>f  the  Red  Chalk.  Though  the  shore  reef  described  in  the  present 
Qote  would  be  more  interesting  if  due  to  a  fault,  or  (thirdly)  to 
n  thrust-plane,  such  as  that  described  by  Dr.  Rowe'  as  occurring 
irest  of  Kit  Papers  Spot  (to  south-east  of  the  reef),  the  most 
probable  explanation  of  the  present  position  of  the  reef  appears 
to  me  to  be  the  following : — 

(4)  At  some  former  time  when  the  vertical  Chalk  cliff  near 
this  spot  had  not  been  eroded  so  far  back  (southwards),  the  line 
>f  oliff  lay  almost  along  the  present  line  oF  junction  between  the 
Bed  Chalk  of  the  beach  and  the  white  chalk  of  the  reef.  A  slip 
took  place  by  which  the  white  chalk  on  the  north  side  of  the  plane 
>f  slip  was  thrown  down  against  the  Red  Chalk,  and  subsequent 
marine  erosion  has  exposed  both  on  the  shore.  Such  a  slip  in  the 
existing  cliff  occurs  at  Crowe's  Shoot,  of  which  Lamplugh  ^  writes : 
'<  There  is  a  huge  slip  about  midway  in  the  Speeton  range  known  as 
Drowe's  Shoot.  At  this  place  a  great  slice  of  chalk  150  yards  long 
bas  moved  forward  and  downward  for  50  or  60  feet,  but  has  there 
been  arrested,  and  has  remained  without  further  change  for  over 
A  generation." 

It  should  be  added  that  the  comparatively  high  angle  of  dip  of 
the  chalk  in  the  shore  reef  and  the  inconstancy  in  its  amount  and 
direction  favour  the  explanation  above  given. 

*  C.  Fox-Strangways,  "The  Geology  of  the  Oolitic  and  Cretaceous  Rocks  South 
of  Scarborough" :  Geol.  Sunr.  Mem.,  1880,  p.  38,  and  2nd  ed.,  1904,  p.  89. 

)  See  p.  256. 

»  Dr.  A.  W.  Rowe,  "The  Zones  of  the  White  Chalk  of  the  English  Coast. 
Part  iv:  Yorkshire  "  :  Proc.  Geol.  Assoc,  vol.  xviii  (1904),  p.  202. 

*  G.  W.  Lamplugh,  "Notes  on  the  White  Chalk  of  Yorkshire":  Proc.  York 
Geol.  and  Polj-t.  Soc.,  vol.  xiii  (189G),  pt.  2,  p.  175. 
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y. — Oh  Stomatopora  axtiqua^  ELadub,  ahd  itb  bxIi4tkd  Luanc? 

FOBMS. 
By  W.  D.  Lano,  M.A.,  F.Z.S.,  F.G.S.,  of  tiie  Brifciah  Mueam  (Katml  Hiitay)  ^ 
(WITH  A  FOLDING  TABLE  I  AND  PLATE  XIV.) 

SITOMATOPOBA  ANTIQUA  was  fint  dMoribed  and  fignred  bjT 
Haime'  from  specimeiiB  oooarriDg  on  OrypJusa  in  the  Lower-" 
Lias  of  Franoe.  I  have  not  been  Mb  to  find  any  leoord  of 
Eoglish  specimen  except  that  in  the  Survey  memoir  on  the  Li 
of  England  and  Wales.'  But  recently  several  specimens  of  amb 
Slomatopora  resembling  8.  antiqua,  Haime,  were  foond  in  the^ 
collection  of  the  late  Mr.  B.  F.  Tomes,  llie  hat  that  aU  thcsE 
specimens  were  encrusting  Or^hma  is  remarkable;  for  thoogl 
many  hundred  specimens  of  various  molluscs  from  the  Lower 
were  searched,  and  of  these  all  sorts  of  oysters  with  especial  care 
Gryphaa  was  the  only  form  encrusted  by  Stamaiopora. 

In  the  British  Museum  catalogue'  8.  antiqua^  Haime,  is 
a  synonym  of  8.  dichotoma  (Lamouroux)/  a  Bradfordian  form.    Bu 
an  examination  of  the  material  alluded  to,  of  which  more 
a    dozen    zoaria  were    sufficiently  well   preserved    to    admit  o'i 
measurements  of   portions  of  them  after  the  method    describes? 
in  a  former  number,^  has  shown  not  only  that  this  form  is  a  diBtinot 
species,  but  that  it  exhibits  features  which  make  it  probable  that  it 
is  more  primitive  than  any  other  Jurassic    Siomatopora  as  yet 
described.     Even  Gregory  included  it  with  some  hesitation  in 
S.  dichotoma,  for  in  writing  of  that  species  he  says ' :  **  The  one 
[form]  in  regard  to  which  I  feel  most  doubt  is  S.  antiqua,  Haime, 
trom   the  Lower  Lias.     Haime  founded  this  practically  only  on 
variations  in   the   branchiug  of  the  lines  of    the    zocdcia.     This 
character  is  shown  by  the  large  series  of  specimens  in  the  British 
Museum  collection  to  be  of  little  value.     The  peristomes  are  not  so 
much  raised  as  in  the  typical  form,  but  in  this  character  likewise 
there  are  such  variations  in  the  same  zoarium  that  the  difference 
is  not  sufficiently  well  marked.*'     The  systematic  value  of  the  two 
characters  mentioned  has  been  discussed  in  the  paper  ^  just  quoted, 
in   which  the  author  attempts  to   show   that  the  branching  is  of 
paramount  importance. 

It  seems  advisable,  having  the  material  in  hand,  to  define  the 
species  with  greater  exactness,  revising  Haime's  definition,  and  by 
investigating  the  stages  of  growth  to  gain  some  idea  of  its  relations 
to  other  forms. 


^  J.  Haime,  *^  Description  dcs  Brvozoaires  Fossiles  de  la  formatioii  Jurassiqiie 

Memoires  de  la  Societe  Geologique  ae  France,  ser.  n,  vol.  v  (1854),  pp.  162-163. 

2  II.  B.  Woodward  :  *•  The  Lias  of  England  and  Wales,"  1898,  p.  365. 


11 


'  J.  W.  Gregory :  British  Museum  Catalogue  of  Jurassic  Bnrosoa,  1896,  j».  44. 
*  J.  Lamouroux:  '^Exposition  Methodique  des  genres  de  rordre  (' 


1821^.  84,  pi.  Ixixi,  figs.  12-14. 
W.  D.  "  -      - 


des  Polypiers," 


Lang,  *<The  Jurassic  Forms  of  Stomatopora  and  Frohomna^^  i   Gbol. 
Mao.,  Doc.  V,  Vol.  I  (1904),  p.  315. 
•  J.  W.  Gregory:  loc.  cit.,  p.  48. 
^  W,  D.  Lang:' loc.  cit.,  pp.  318-322. 
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It  is  to  facilitate  the  comprehension  of  the  method  of  investigation 

employed  that  the  reader  is  referred  to  the  paper  on  "  The  Jarassio 

Formsof  Siomatopora  and  Prohoscina.**^  In  this  paper  great  prominence 

^u  given  to  the  mode  of  branching ;  and  it  was  pointed  out  that 

the  remarkable  regularity  of  this  character  was  peculiar  to  the 

i^arassic  forms.    Three  types  of  branching  were  described  as  Type  I, 

the  Intermediate  type,  and  Type  II ;  and  the  order  of  succession  was 

iQrariable,  the  first  passing  gradually  into  the  second,  and  the  second 

'oto  the  third  type.     If  it  may  be  inferred  from  the  irregularity 

of  the  branching  in  the  few  Silurian  specimens  of  Siomatopora 

^^mined   that  the  pre-Jurassic  ancestors  of    the  species    under 

^^nsideration  were  irregular  in  their  mode  of  branching,  the  Jurassic 

i^egalarity  appears  in  the  Liower  Lias  form  as  a  new  character 

^tiperimposed    upon    a    pre-Jurassio    irregularity.     The    apparent 

Expression  of  this  is  that  although  in  the  Lower  Lias  form  the 

Regular  dichotomous  branching  after  Type  I,  the  Intermediate  type, 

^nd  Type  II  may  be  observed,  it  is  somewhat  obscured  by  a  slight 

irregularity,  and  the  daughter  zooecia  at  each  dichotomy  are  of 

Unequal  length.     Thus  a  second  character  becomes  involved — the 

proportion  of  the  length  of  the  zooecium  to  the  breadth.     These 

points  are  illustrated  in  PI.  XIV,  Figs.  4  and  5. 

Moreover,  a  slight  irregularity  occurs  in  a  third  character — the 
shape  of  the  zoosoium.  In  the  Oolitic  forms  primitive  cylindrical 
zocscia  become  pyriform,  and  in  more  specialized  forms  often  revert 
to  a  cylindrical  shape.  In  Siomatopora  antiqua,  Haime,  though  the 
general  sequence  is  cylindrical — very  slightly  pyriform — cylindrical 
by  far  the  greater  part  of  the  zoarium  having  cylindrical  zooecia, 
occasionally  a  comparatively  pyriform  zocecium  occurs  without  any 
relation  to  the  general  sequence  in  shape.  This  is  well  shown  in 
Terquem  &  Piette's  figure  of  8.  antiqua,  Haime,'  and  in  the 
apecimen  B.M.  D.  7623  (PL  XIV,  Fig.  5).  It  is  true  that  such 
sporadic  irregularity  in  any  one  character  is  liable  to  occur  to  some 
extent  among  the  most  regular  Jurassic  forms.  And  the  explanation 
is  suggested  that  so  plastic  and  undifferentiated  are  these  primitive 
forma  that  rigid  stability  of  character  is  not  to  be  expected  in 
the  same  degree  as  in  the  case  of  the  ornamentation  of  such  a  highly 
specialized  group  as  the  Ammonites. 

Mr.  Buckman  has  offered  another  explanation  of  the  sporadic 
appearance  of  the  comparatively  pyriform  zooecia.  Jackson'  has 
shown  that  in  plants  a  new  branch  tends  to  recapitulate  former 
characters  more  primitive  than  those  peculiar  to  that  part  of  the 
plant  whence  it  springs.  He  applies  this  to  animals  as  well  as 
to  plants,  and  voices  it  in  the  law  that  **  throughout  the  life  of  the 
individual,  stages  may  be  found  in  localised  parts,  which  are  similar 
to  stages  found  in  the  young,  and  the  equivalents  of  which  are  to  be 
Bought  in  the  adults  of  ancestral  groups." 

'  W.  D.  Lang :  loc  cit. 

'  0.  Terquem  et  £.  Piette,  *^  Le  Lias  inf^rieor  de  I'est  da  la  France  '* :  Mem.  Soc. 
Oeol.  France,  ser.  u,  yol.  viii  Q868),  p.  124,  pi.  xiv,  iig.  32. 

'  R.  T.  Jackson,  *'  Localisea  Stages  in  Development":  Mem.  Boatoxi  S<K«^^i 
Hist.,  Tol.  T,  No.  4  (1899;,  p.  92;  eee  alao  pp.  139, 141. 
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Applying  tbis  principle,  we  may  say  that  at  every  branch  £: 
a  colonial  form  eooh  as  we  aie  oonaidering  there  is  a  potentlf 
recapitalation.  Now  the  slight  tendency  to  pyriformation  s 
dichotomies  1  and  2  in  the  preoent  form  shows  that  the  geners 
cylindrical  stage  was  preceded  by  one  which  was  more  or  \em 
pyrifonn.  The  tendency,  then,  at  c«oh  dichotomy  is  to  recapitnlaft 
this  stage.  The  potential  recapitalation  occasionally  becomes  actnik 
and  appears  as  the  sporadic  production  of  somewhat  pyriform  zooed  i 

A  third  explanation  of  these  sporadic  zooscia  is  that  they  a« 
nmply  gonoecia.  And  the  fact  that  in  all  organisms  reprodnctiv 
tissue  arises  from  undifferentiated  cells  may  furnish  a  hint  as  t 
why  primitive  characters  are  shown  in  reproductive  zooecia. 

Having  indicate<l  the  directions  in  which  difficulties  may  \j 
expected  in  applying  the  scheme  of  measurement  advanced  in  tb 
former  paper,  it  is  possible  to  limit  Haime's  species  by  the  followin 
definition,  which  takes  into  account  stages  of  growth  : — 

I.   Stomatopora  AKTiQVA^  Haimb.     (PL  XIV,  Figs.  2, 4, 6,  and  7. 

Characters. — Zoarium  loose  and  spreading,  the  first  dichotoiEB 
being  after  Type  I  at  an  angle  of  about  1^.  The  Intermedi^^ 
type  of  branching  appears  at  the  third  or  fourth  dichotomy,  an 
Type  II  by  the  fifth  or  sixth.  As  has  already  been  remarked,  tti 
branching  is  often  somewhat  irregular,  so  that  the  exact  type  is  has 
to  determine.  There  are  two  peristomes  before  the  first  dichotomy 
and  generally  one  between  the  first  and  second.  Tlie  acme 
reached  with  three  or  four  peristomes  between  the  third  and  six'C 
dichotomicR ;  after  which,  with  a  small  check  at  about  dichoton» 
7,  the  number  of  peristomes  between  each  dichotomy  rapidi 
diminisheR.  The  proportion  of  the  length  of  the  zoa}cium  to  i\j 
breadth  in  very  variable,  but  by  examination  of  a  number  C 
specimens  a  general  sequence  can  be  recognised.  That  of  tli 
protoecium  is  about  1,  of  the  second  zooecium  about  2.  The  acm 
of  length  is  at  dichotomies  1  and  2,  where  it  is  from  2  to  2J 
From  dichotomy  2  it  gradually  diminishes  until  it  is  only  IJ  a 
dichotomy  9.  The  shape  of  the  zooecia  is  irregularly  cylindrical 
with  a  slight  tendency  to  pyriformation  between  dichotomies  1  and  2 
and  with  an  occasional  irregular  pyriform  zooecium  as  alreadi 
noticed.  Tiie  ornamentation  is  a  very  slight,  fairly  fine  ribbing,  bn 
the  zoa)cia  often  appear  smooth,  owing  to  bad  preservation,  fo 
which  reason  it  is  hard  to  see  any  regular  change  in  this  charactei 
during  the  growth  of  the  colony.  The  sides  of  the  zoarium  tend  t( 
be  flattened  on  to  the  object  which  it  encrusts. 

For  comparison  the  original  description  by  Haime  is  hen 
given* : — 

*'  Les  mailles  de  ce  testier  out  une  tendance  a  se  rapprocher  de  I: 
forme  d'une  rhombe  irrogularier,  et  dont  les  angles  seraient  cmousses 
Les  sept  premieres  testules  produisent  deux  bourgeons;  il  arriv( 
frequenment  que  deux  testules  junielles  soient  un  peu  inegales  er 
'nrosseur,  et  restent  presque  completement  accolees  Tune  ii  Tautre 

^  ^  J.  Haime:  loc.  cit.,  ]ip.  1G2  IG3. 
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Ifyidas  auxqaels  elles  donnent  naissanoe  s'ecartent 
l*Qn  de  I'autre.  Entre  une  bifuroation  et  oelle  qai  la 
pte  ordinairement  deux  ou  trols  penBtomes  en  86rie.  La 
Ate  des  ttistules  est  medioorement  allongee,  16g^reinent 
i'origine,  puis  cylindroide  et  faiblemeat  aplatie;  elle 
I  plis  fins  et  d'autres  plus  pronone^s;  les  pores  sont 
ies  6cart^8.  La  grande  largeur  des  testules  d^passe  nn 
llemetre. 

B  rappelle  tout  4  fait  par  son  aspect  general  la  S.  dichotoma ; 
Sgnlarites  que  nous  venous  d'indiquer  dans  le  mode  de 
n,  ainsi  que  la  forme  leg^rement  oonique  des  testules, 
ient  suffinamment  Ges  testules  sont  d'un  autre  o6t6 
lins  longues  et  moins  lisses  que  dans  la  8.  Waltoni. 
exemplairesque  j*ai  observes  6taient  fixes  sur  Gryphdes 
mt  6te  decou verts  par  M.  Terquem  dans  le  lias  inferieur 
Hoselle)." 

seen  that  Haime  expressly  indicates  "les  irr6gularit68 
le  de   multiplioation " — the  pre-Jurassio  trait  of  this 

0  that  branching  after  Type  II  is  exhibited,  the 
as  jumelles  .  •  .  •  restent  presque  compl6tement 
e  h  I'autre."     But  the  most  important  fact  is  not  given, 

point  in  the  life-history  of  the  colony  when  Type  II 
peurance. 

ag  table  (Table  I)  ^  of  observations  on  nineteen  zoaria 
me  idea  of  the  limits  of  variation  in  this  species.  The 
the  first  column  are  those  of  the  dichotomies  at  which  the 
is  taken,  starting  at  the  proximal  end.  llie  columns  are 
e  letters  B.M.  D.,  followed  by  two  numbers.  The  letters 
;  number  stand  for  the  British  Museum  register  number 
men,  the  second  number  for  that  of  the  zoarium  on  that 
[n  the  first  eight  examples  the  first  dichotomy  was  seen, 
ers  of  the  dichotomies  are  known.  In  the  last  eleven, 
i  the  first  eight  by  a  double  vertical  line,  the  proximal 
zoarium  was  wanting,  and  so  the  first  dichotomy  shown 

1  as  X,  the  second  as  x  +  1^  etc.  But  by  comparison  with 
it,  the  value  of  x  was  surmised.  For  an  explanation  of 
scheme  I  can  only  refer  to  my  former  paper.*  The 
3  used  in  the  table  are  as  follows  : — 

I,  II.  =  branching  after  Tj-pe  I,  Type  II. 
i.  =  branching  after  the  Intermediate  type. 
8.  =  slightly. 
V.  =  very. 
90°,  etc.  =  branches  diverging  at  an  angle  of  180°,  90°,  etc. 
cyl.  =  cylindrical, 
pyr.  =  pyriform. 
sm.  =  smooth. 
r.  =  ribbed. 

B  figure  the  zooecia  are  as  a  whole  shorter  than  in  the 
imens,  but  there  is  very  little  di£ference;  and,  as  has 
1  shown,  partly  owing  to  the  irregular  branching,  the 
3  considerably. 

ibJe  I  to  be  inserted  to  face  this  page.  *  "W .  "D .  Ii8ca\^\  \q^»  <s^. 
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S^fnamfmy. —Tht  qvlj  flgnrad  fiiniis  whldh  am  likdy  to  1 
oonfoanded  with  this  speoiM  an  thoie  dasoribed  tnm  tha  Low 
Lias  of  France  by  Torqnam  ft  Piatta';  and  It  maj  ba  fnaidantal 
remarked  here  that  flie  form  mentioned  aa  faaving  nean  raooidad 
the  Smnrej  memofr  ia  written  **  flfoaalcijpora  amltfmt  Tarqnam 
Piette."     Unfortonately  there  ia  aoma  oonfiiaion  in  tba  Wan 
aothora'  paper.    Two  forma  are  raoordad — &  oaliaaa^  Haima,  ai 
&  Baimei,  Terqaem  ft  Piette.    The  latter  apMiea  la  daaoribad  m 
figured.    The  former  ia  not  deaoribadi  bat  Haima*a  deaeriptioii 
r^erred  to,  and  two  flenrea  are  giTen  on  PL  XIV.    The  figoiea 
whioh  the  direction  of  the  text  reian  are  obvioady  wroiifr«  bail 
repreaentations  of  Nenropora.  Howaver,  the  legend  beneath  tna  pb 
makes  it  dear  whioh  figarei  are  meant    Bat  the  laigar  of  the 
(the  other  being  a  life-aiae  repreaentation  of  the  wfaob  loariiii 
is  a  reprodnotion,  with  rather  larger  periatomea  and  rather  atool 
zoodoiay  of  Ihime's  figure  of  &  aalt^.    It  look%  therefore^  aa 
Terqaem    ft    Piette   had   meant   the   fignrea   th^  have   odli 
8.  anHgua,  Haime,  to  apply  to  their  new  epedea  Hamei.    Aa 
standby  their  8.  Haiimei  moat  become  a  lynonym  of  &  amHgM 
Haime,  anleaa  or  until  the  form  repreaentad  by  their  figoio  o 
be  proved  to  differ  ftom  Haime'a  A  om gva.    It  ia  a  great  pity  di 
the  name  Haimei  should  have  to  be  dropped ;  for  no  ona  who  h 
used  this  author's  beautifully  ezeouted  ptatea  of  theae  forms  con 
wish  otherwise  than  that  hia  name- should  be   aaaodated    wii 
this  g^nas. 

The  form  recorded  as  8.  oali^aOi  Haime,  is  deaoribed  below  i 
S,  Oregoryi,  sp.  nov. 

Horizon  and  locality, — Haime  records  the  type-specimen  firom  ** 
Has  inferieur  de  Yali^re  (Moselle)." 

The  English  specimens  are  from  the  Sinemurian,  mostly  from  bet 
which  are  at  the  horizon  of  the  zones  of  Deroceraa  armatetn,  Uptam 
Jamesoni,  and  Amaltheui  ibex,  but  the  exact  zone  cannot  1 
determined. 

Specimens  B.M.  D.  7623  and  7624  are  from  what  is  probably  tl 
zone  of  Uptonia  Jame$oni '  at  Aston  Magna,  north  of  Moreton-in-th 
Marsh,  Gloacestershire.  From  the  same  locality  is  a  specimi 
B.M.  D.  7622,  whioh  is  labelled  "junction  of  the  Middle  and  Low 
Lias,  Aston  Magna." 

Specimens  B.M.  D.  7619  and  7620  are  from  probably  the  same  zon< 
at  Fenny  Corapton,  Warwickshire,  north  of  Banbury,  Oxfordshire. 

The  8[)6cimen  B.M.  D.  7625  is  from  what  is  probably  the  zone  \ 
Asteroceras  obtuium  ^  at  Houeyboume,  east  of  Evesham,  Woroeste 
shire. 

8.  Haimei,  Terquem  &  Piette,  is  recorded  as  occurring  i 
''Lumachelle  ferrugineuse  &  B.  acuius  de  Chilly,  sur  une  val^ 
de  VOetraa  chillyeniis,^*    This  horizon  is  Sinemurian. 

^  0.  Torqaem  &  E.  Piette :  loo.  cit. 

*  H.  B.  Woodward :  loo.  oit.,  p.  165. 
'  H.  B.  Woodward:  loo.  cit.,  p.  161. 

*  H.  B.  "Woodwwd*.  l«i.  cit.,  ^.  154. 
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^I*    StOMATOPOBA   AXTIQUA,   HaIME,   mutation    CAPRIC0RNEK3I8. 

(PI.  XIV,  Figs.  1  and  3.) 

Fngmentary  zoaria  of  a  form  hardly  distinguiBhable  from  the 

SuieiimriaD    speoies    Siomatopora    antiqua,    Haime,    ooour    rather 

oommonly  encruating  speoimens  of  the  ooral  MonUivalUa  Vietoria, 

Dnnoan,  from  the  Middle  Lias,  zone  of  Ziparoceraa  eaprieomuB^ 

At  Oherrington,  Warwickshire,  north-east  of  Moreton-in-the-Marsh, 

Oloooestershire.     The  only  apparent  difference  between  this  and  the 

Sinemarian  form  is  in  that  the  branching  in  the  former  is  far  more 

f^golar,  approaching  in  this  respect  the  Oolitic  species.    This  point 

b  shown  in  Diagram  I,  p.  267,  where  Fig.  3  represents  8.  antiqua^ 

Baime,  and  Fig.  4  its  mutation  in  the  eapricomuB  zone.    This  being 

^  only  difference  which  the  fragmentary  and  ill-preserved  material 

Pi^ioasnts,  it  looks  as  though  this  form  was  a  direct  modification  of 

^*  anUqna,  Haime,  in  time ;  and  since  no  other  form  has  been  found 

f^   this  horizon  resembling  more  closely  the  Sinemurian  species, 

]^  tnay  be  looked  upon  as  the  modification  of  8.  antiqua,  Haime, 

^   the  higher  zone.     But  because  this  form  is  not  identical  with 

j;    antiqua,  Haime,  it  is  convenient  to  have  a  name  whereby  to 

^tatinguish  this  mutation,  as  it  is  called,  and  I  therefore  propose 

*^   same  it  8.  antiqua,  Haime,  mutation  eaprieomensis,  indicating  in 

^%  name  the  horizon  at  which  the  mutation  is  found. 

-A,  table  of  observations  on  these  fragments  is  given  below. 

^A.:BLE  of  observations   on   individuals   of   STOMATOrORA 
_  ANTIQUA,   HAIME,   Mut.   CAPRICORNENSIS, 


B.M. 

D.  7639. 

x^l. 

B.M. 

D.  7470. 

2. 

B.M. 
D.7626. 

B.M. 
D. 7628. 

B.M. 
D.7629. 

TrPB  OF   B&ANCHINO. 

-^t  dichotomy  r 

„         a?+l      ... 

a; +2      ... 
„         a? +  3      ... 

I.  140° 

i.  90° 

I.8.i.60°-90° 

?  i.  46° 
II.  <  46° 

•  •  • 

II.  100° 

•  «  • 

•  •  • 

I.46°-60° 
i.  90° 

•  •  • 

i.  60° 
i.  60° 
i.  46° 

^^UM BE&  OF  PeRISTOMBS. 

^letween  dichotomies 
x—\  and  X 
X  and  x  +  l 
X  -^l  and^  +  2  ... 

2 
1 
3 

•  •  • 

2 

•  •  • 

2 
2 

•  •  • 

•  •  • 

2 

•  •  • 

•  •  • 

2 
2 

Ratio  of  Length  of 

Zoacivx  TO  Breadth. 

^t  dichotomy  x 

„         a;  +  1 

„         «  +  2      ... 

„         x  +  Z      ... 

2i 
2 

2 

li-2 
2 

•  «  • 

2-2i 

•  •  • 

•  •  • 

li-2 

•  •  • 

•  •  • 

2-2.J 
2-2A 
2-2  J 

Shape  of  Zocecivm    ... 

cyl. 

cyl. 

cyL 

cyl. 

cyl. 

Obkaxentatiox 

P 

? 

P 

? 

? 

^  H.  B.  Woodward :  loc.  cit.,  p.  167. 
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VATOPOBA  RicHARDsoNif  8P.  NOV.    (PL  XIV,  Figs.  8  and  9.) 

imen  has  been  found  in  the  Lias  of  Toddington,  north-east 
mham,   Gloucestershire,   by   Mr.   L.   Richardson,   F.Q.S., 

its  early  stages  resembles  S,  antiqua,  Haime.  Branching 
le  11  occurs  as  early  as  the  second  or  third  dichotomy,  and 
I  by  the  fourth,  at  which  point  the  zoarium  has  beoome 
loid.  lliis  early  branching  after  Type  II  is  represented 
im  I,  p.  267,  Fig.  5,  where  only  the  Stomatoporoid  stages 
n,  and  the  branching  not  carried  beyond  dichotomy  3,  in 
t  an  equal  comparison  may  be  made  with  the  other  forms 

The  irregularity  in  the  branching  is  retained  throughout 
atoporoid  stages,  showing  this  to  be  a  primitive  character 
lerived  from  S.  antiqua,  Haime,  and  not,  as  appears  to  be 
in  certain  Oolitic  forms,  a  secondary  irregularity  following 
ranching  after  Type  II,  and  giving  rise  to  such  forms  as 
a  morinica  (Sauvage).  The  tendency  of  the  sides  of  the 
to  become  flattened  out  on  the  object  encrusted  so  as  to 
lelvage,'  as  Gregory  calls  it,^  is  more  pronounced  than  in 
I,  Haime,  and  produces  in  the  distal  part  of  the  zoarium 
)f  Probosctna  resembling  the  species  above  mentioned, 
ght  pyriformation  exhibited  by  S.  anttqua,  Haime,  between 
les  1  and  2  is  absent.  The  zooecia  are  cylindrical  throughout 
first  dichotomy. 

be  seen  on  referring  to  PI.  XIV,  Fig.  8,  that  after  the 
lotomy  the  right-hand  branch  is  more  specialized  and 
Proboscinoid  sooner  than  the  left-hand  branch.  A  second 
on  the  same  specimen  exhibits  similar  characters  to  that 

and  figured,  as  far  as  can  be  seen  through  the  obscuring 

DC  in  which  this  specimen  was  obtained  was  probably  that 
a  Jamesoni,  At  any  rate  this  is  the  approximate  horizon, 
more  zoaria  (specimens  B.M.  D.  7630)  on  an  example  of 
Ua  Victoria,  Duncan,  in  the  collection  of  the  late  Mr.  R.  F. 
rom  the  zone  of  Liparoceras  cnpricomus  at  Cherrington, 
shire,  north-east  of  Moreton-in-the-Marsh,  Gloucestershire, 
the  specimen  just  described  sufficiently  to  be  included  in 
es.  An  outline  figure  of  one  of  these  specimens  is  given 
LV,  Fig.  6. 

>n  Diagram  I  represents  the  specimens  from  the  capricomus 
same  form  as  Fig.  5  being  repeated  to  indicate  that  that 
es  into  the  higher  zone  unchanged. 

Uowing  is  a  table  of  changes  in  the  characters  of  this 
aring  its  life-history  : — 

^JBranchinff. 

;  dichotomy  1  ...  T^'pe  I  at  120°. 

„  2  ...  Type  I-Intermediate  type  at  90°-100°. 

,,  3  ...  Intermediate  tj'pe-Tj'pe  II  at  60°. 

„  4  ...  T}-pe  II  at  <  60°. 

Gregory :  British  Museum  Catalogue  of  Cretaceous  Bryozoa,  vol.  i  (1899), 
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Freqttency  of  Branching ,  ._ 

Number  of  peristomes  before  dichotomy  1  2 

„  y,         between  dichotomies  1  and  2        ...  1-2 

2  and  8        ...  1-2 

3  and  4        ...  1-2 

Ratio  of  Length  ofZoaeium  to  Breadth,  the  latter  being  taken  m  1. 

Before  dichotomy  1  {  ^^^^'^^  J ?, 

At  dichotomy  1      ^i~  1 

mf  m  •••  ■•■  •••  «••  ••■  •••  •      ^ 

•  i        O    •••      •••      •••      •«•      •••      •••       •  '  •J 

19         •    •••      •••      «••      •••      •••      •••      ^  J  ^J 

iSAoptf  ofZocBcium. 

Before  dichotomy  I  j''7-,^;25j£^^. 

From  dichotomy  1  to  dichotomy  4,  cylindrical. 
Ornamentation,    Very  slightly  ribbed. 

IV.   Stomatopora  Gregobti,  8p.  NOV.     (PI.  XIV,  Fig.  10.) 

Mention  was  made  above  to  the  figures  given  by  Terquem  &  Pietter 
of  Stomatopora  antiqua,  Haiiiie.     And  though  only  a  tunall  part  o^ 
the  zoariuiu  is  drawn  large  enough  to  olearly  show  its  obaracte 
in  detail,  it  appears,  by  taking  what  is  to  be  seen  in  the  large 
figure  with  the  loose  appearance  of  the  branohing  in  the  smalle 
figure,  that  this  form  is  more  primitive  than  Haime's  type,  and 
not  exhibit  branching  after  the  intermediate  type  so  soon,  if  at  all^ 
in  its  life-history. 

Moreover,  a  specimen  (B.M.  D.  7470,  zoarium  1)  from  the  eapri^ 
eomus  zone  of  Cherrington,  encrusting  Montlivaltia  Victoria,  Duncan^ 
shows  at  its  first  dichotomy  a  more  marked  pyriformation  than  ther 
specimens  of  S,  aniiquay  mutation  capricornensis,  and  resembles  more^ 
nearly  a  specimen  (B.M.  D.  2131)  of  S.  dichotomoides  (d'Orbigny), 
Unfortunately  more  of  the  former  specimen  is  not  preserved,  so  it 
is   impossible   to   say   whether   its   further    branches    showed    the 
characters  of  <S.  dichotomoides  (d'Orbigny).     Now  the  latter  species, 
an   Inferior   Oolite   form,  is   more   simple  in   its   branohing   than 
iS.   antiqua,    Uaime  ;    nor   is    there    anything    to    show   that    this 
simplicity  of  branching,  which  even  in  the  distal  dichotomies  does 
not  proceed  beyond  Type  I,  is  not  primitive.     The  form,  then,  must 
have  had  a  Liassic  ancestor  with  as  simple  a  type  of  branohing. 
Terquem  &  Piette's  figures  of  S,  antiqua,  Haime,  supplies  a  possible 
ancestor.     This  form,  for  which  I  propose  the  name  S.  Qregorgi, 
would  only  differ  from  S.  dichotomoides  (d'Orbigny)  in  the  pre- 
Jurassic  irregularity  of  branching  and  in  the  lesser  pyriformation 
of  the  zooocia.     Since  the  former  character  was  lost  and  regular 
branching  was  acquired  during  the  Pliensbachian  time  by  8,  aniiquUf 
Haime,   it    is   quite    likely   that    the    specimen    mentioned    above 
(B.M.  D.  7470,  zoarium  1)  represents  the  proximal  end  of  a  zoarium 
in  this  Htage,  and  the  form  would  be  known,  according  to  the  system 
advocated,  as  S,  Gregoryi,  mutation  capricomensia.     The  Sinemurian 

^  0.  Terquem  et  E.  Piette:  loc.  cit.,  pi.  xiv,  fig.  32. 
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the  Pliensbaohian  matation  are  represented  by  Figs.  1  and  2  in 
Diagram  I,  on  this  page. 


>» 
»> 


^oaAM  I. — To  show  tho  changes  in  the  method  of  branching  and  in  tlie  shape  of 
the  zocBcium  in  Stomatopora  antiqita,  Haime,  and  its  related  furms. 

Fio.  1. — Stomatopora  Gregory i,  sp.  nov. 

2. — Stomatopora  Gregory iy  mut.  eaprieomensis, 

3. — Stomatopora  antiqttaf  Hairae. 

4. — Stomatopora  antiqtta,  Haime,  mut.  eaprieomensis, 
Fios.  5  and  6. — Stotnatopora  JRichardsoni,  sp.  nov. 

Note. — A  diffioulty  arises  in  the  system  of  nomenclature  advocated 
above,  wherein  the  mutation  of  a  species  is  named  as  such  as  if  it 
were  a  variety;  but  with  this  difference,  that,  while  a  variety  ia 
named  arbitrarily,  just  as  a  species,  the  mutation  is  named  according 
to  the  horizon  at  which  it  occurs.  The  difficulty  is  met  when  the 
mutations  of  a  given  species  pass  upwards  into  a  form  already 
named.  For  suppose  in  the  case  above  it  could  be  demonstrated 
that  S,  Oregoryi  passed  upwards  through  its  mutation  capricornenstB 
and  other  possible  mutations  into  the  Aalenian  species  S.  dichotomoides^ 
(d'Orbigny),  it  might  be  asked,  at  what  point  would  the  one  species 
end  and  the  other  begin.  A  moment's  consideration  would  show 
that  supposing  our  knowledge  of  the  evolution  of  a  group  of 
organisms  were  absolute,  we  should  have  a  number  of  species  in 
various  ramifying  series,  each  merging  imperceptibly  backwards  into 
its  precursor  and  forwards  into  its  successor.  A  further  examination 
would  show  that  the  forms  designated  '  species '  were  groups 
of  individuals  taken  at  arbitrary  points  in  the  evolutionary  series. 
For  these  points  would  not  have  been  fixed  upon  according  to  any 
predetermined  plan,  as,  for  instance,  to  mark  a  period,  oi  Qom^^\^M\N^ 
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stability  in  the  evolving  form.    To  have  definitely  named  buc?^ 
evolutionary  stations  .would  have  implied  a  oomplete  knowledge  CT_ 
the  evolution  of  the  group.     But  as  each  point  in  the  series  wi 
independently  met  with,  so  it  was  described  and  named,  and  i1 
connection  with  other  points  discovered  later.     In  the  supposed 
where  this  has  been  done,  more  than  two  species  would  occasionally' 
be  found  in  one  unbraiiched  series.     It  might  be  said  that  the  name^ 
of  the   middle  species,   that  is,  those  that   lay  along  one  bianofaB. 
between  two  bifurcations,  were  useless  and  might  be  discarded,  or^ 
being  only  mutations,  might  be  named  as  sacb.    This,  however^ 
would  be  a  pity,  for  reference  marks  are  needed  along  an  unbrokeiB- 
series.     Moreover,  since  the  superfluous  names  are  thas  treated 
synonyms,  the  question  of  priority  is  at  once  raised.     Therefoi 
it  seems  advisable  in  such  a  case  to  keep  the  intermediate  names^ 
But  where,  as  in  the  species  described  in  this  paper,  slight,  hithertc^ 
unnamed  differences  occur  as  the  form  passes  from  zone  to  zone,  tho» 
forms  could  be  named  as  mutations,  like  those  above,  in  order  nol 
unduly  to  multiply  'species.'     The  original  difficulty,  namely, 
say  where   the  mutations  of  one  species  end  and  those  of  anothei 
begin,  could  be  solved  conventionally  by  taking  the  first  stratigraphi< 
boundary  below  the  higher  species.     And  if  it  be  objected  that  sm 
a  division   is   purely  conventional,  it  may  be  answered  that  it  ii 
•diosen  no  more  arbitrarily  than  is  the  point  in  the  series  from  whiol 
the  individuals  comprising  a  species  were  taken.     With  complet 
knowledge  specific  boundaries  must  be  conventional.     And  all  th< 
difficulties  in  nomenclature  arise  from  the  inadequacy  of  the  systei 
now  in  use,  which  seeks  to  bind  within  rigid  systematic  limits  th< 
phases  of  series  which  are  in  a  perpetual  state  of  flux. 

EXPLANATIOX  OF  PLATE  XIV,  p.  264. 

Fig.  1. — D.  7539.      Sfomatopora  antiqna^  Ilaime,  raut.  eaprieornentis^  encrustingsC 
Montlnaltia    Vicforia,   Duncan.      Middle  Uas :    zone  of  L,  eaprieomui^^ 
r  Cheirin^rton,  AVarwickshire.      x  about  12. 
,,     2. --1).  7G2(»,  zoarium  2.     Stomatnpora  aHtigna,  llnime,  encrusting  Gryphaa^ 
JiOwer     Lia.s :     about    Jamesoni    zone,    Fenny    Compton,     Warwickshire— 
X  about  28. 
,,     3. — D.  7629.     Stomafopora  antiqtia^  Ilaime,  raut.  eapriewfiensisy  encrostiii^ 
MoutUvaltia    VivioruCj   Duncan.      Middle  Lia.s :    zone  of  Z.   capricomut^ 
Cberrin^ton,  Warwickshire,      x  about  9. 
,,     4. — D.  7C20,  zoarium  4.     Another  zoarium  on  the  same  specimen  as  Fig.  2^ 

X  about  8. 
,,     5. — I).  7623,  zoarium  1.     Stomatopora  antiqua^  Ilaime,  encrusting  Gryp)uut^ 
Lower    Lias :      about    Jameaoni    zone,    Aston    Magna,     Woroestershire^ 
X  about  II. 
,,     G. — D.  7630,    zoarium   2.      Stomatopora  {?) Bichardsotii^  sp.  nov.,  encrustinp^' 
Montlivaltia  Victorite^   Duncan.      Middle  Lias:    zone  of  L.   eapricontu* ^^^ 
Cherring^ton,  Warwickshirt*.      x  about  \5. 
,,     7. — I).  7619,  zoarium  1.     Stomatopora  antiquay  Ilaime,  encrusting  OrypJuut     — 
Lower    Lias :     about    Jamesoni    zone,    Fenny    Compton,    Warwickshire 
x  about  8. 
,,     8. — Stomatopora  Itichardsoniy  sp.  nov.,  on  a  Brachiopod.     Lower  Lias:   aN**^^"*-* 
Vptouia  Jamesoni  zone,  Toddmgton,  Gloucestershire,      x  about  16. 
9. — Pai-t  of  the  same  specimen  as  Fig.  8.      x  about  18, 

10. — I).  7470,  zoarium  1.      Stomatopora  Gregoryi,  n.sp.,  mut.  eapricommn — 
encrustiu':  Montlivaltia  Victoria ^  Duncan.     Middle  Lias:   zone  of  X.  «r«j 
eomuff  Cherrinjrtou,  ^Var^vkV^\\\Te.     x  ?iV^o\vt  12. 
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VL — Old  hhUFS  or  Nbw?    Anothib  Contribution  to 
Dktonshirb  Conteovcrsial  Qkologt. 

By  Hakfobd  J.  Lowe,  F.Q.S. 

DISSOLVED  geological  problems,  or  what  perhaps  may  be  better 
described  as  obscure  points  in  geological  history  round  which 
<^oflicting  hypotheses  have  arisen,  are  to  be  found  in  many  parts  of 
our  Islands,  but  Devonshire  seems  to  be  an  usually  prolific  field  for 
^hem.     Mr.  W.  H.  Hudleston,  F.R.S.,  in  his  presidential  address 
^   the  Devonshire  Association  in  1889,  enumerates  nine  questions 
Pi^ponnded  by   Pengelly   in    1868   as  still  requiring  special  con- 
federation in  the  future.     Of  these  possibly  three  may  be  said  to 
lu^ire  nearly   or  quite  got  beyond   the  controversial  stage,  but  in 
^Q  meantime  others  have  arisen,  and  it  would  thus  appear  that 
^^^  undecided  position  of  numerous  points  demanding  further  in- 
^^^tigation  is  the  normal  condition  of  a  science  in  the  developmental 


Evolution  involves  occasionally  the  disuse  and  reversion  of  organs 
^^liich  formerly  were  of  service,  but  the  more  general  mode  of 
t^'^X)gress  is  by  strengthening  and  more  highly  developing  the 
^^sential  working  parts  so  as  to  better  fulfil  their  functions  in  the 
^ore  complex  organism. 

Similarly,  in  the  higher  development  of  a  science  some  early 
forking  hypotheses  must  either  be  abandoned  or  modified  to  meet 
further  discovery  and  more  widely  extended  correlations.  The 
Earlier  theory,  however,  is  usually  tenacious  of  the  hold  it  has 
gained  by  prior  possession,  and  the  newcomer  must  need  not  only 
present  credentials  that  will  bear  the  closest  scrutiny,  but  also 
possess  the  irresistible  power  of  simplicity  and  superior  fitness  in 
Order  to  gain  the  position  it  lays  claim  to. 

Now  there  is  a  time-honoured  and  simple  theory  respecting  the 
origin  and  formation  of  some  peculiar  deposits  within  the  basin  of 
the  Biver  Teign,  whose  right  to  possession  of  that  small  holding  has 
been  called  in  question  by  several  statements  to  be  found  scattered 
among  the  geological  records.  No  direct  attempt  has  been  made  to 
oust  the  old  tenant  and  place  another  with  a  better  title  in  its  place, 
but  its  position  has  been  discredited  by  casual  remarks  and  innuendo, 
and  its  existence  has  been  ignored  when  its  territory  has  been 
invaded  by  the  explorer. 

We  learn  from  one  of  our  early  masters,  who  is  also  regarded  as 

one  of  the  keenest  and  most  reliable  of  observers,  De  la  Beche,  that 

vrithin  an  area  roughly  defined  as  from  a  little  south  of  Newton 

Abbot  to  a  little  north  and  east  of  Bovey  Tracey  lie  deposits  of 

laoastrine  origin  which  now  form  a  tract  of  level  land  traversed  by 

the  streams  Teign  and  Bovey,  which  presumably  brought  down  the 

material  now  filling  up  the  lake  depression  formerly  occupying  this 

part  of  their  courses.     In  the  master's  own   words — **From   the 

manner   in   which   the   Bovey   deposit    conforms    to    the    valleys 

adjoining  it,  the  character  of  the  clays  and  sands,  and  the  greater 

purity  of  the  clays  towards  Eingsteignton  and  awa^  itom  \\i^  ^^\i\\A 


-270  H.  J.  Zom— JD^MMMm  Gtefayy. 

of  Dartmoor,  we  maj  bo  led  to  inflBr  that  piior  to  tbo  prodnetti^'i 
of  the  Bovey  beds  a  deprewioii  waa  fbnnad  in  thb  loodity  ■iA> 
•eqnently  to  the  deetmotion  of  the  suum  of  ohalk  and  a  oonaidetaUBtf 
portion  of  the  greenaand  whioh  there  onoe  enated,  and  that  th« 
materials  for  this  deposit  were  ohieilv  derived  llram  deoompoaMf 
parts  of  the  adjoining  granite  gradually  oarrled  down  \kj  atreana, 
"the  qnartsose  parts  forming  the  sanda,  the  deeompoaed  M^nv  boms 
onward  to  where  it  oonld  qaietly  aettle  and  form  the  elay.   ^ 

That  is  the  simple  explanation  gtiren  in  1889  to  aooonnt  Ibr  the 
•peculiar  day,  sand,  and  lignite  b^  of  the  Bo?ey  area*  and  it  hai 
been  oonfirmed  and  strengthened  fay  other  geo1ogiata»  partaodlar^ 
Pengelly,  who  investigate  the  formation  fiiUr  and  from  whoN 
palfldontologioal  disooveries  therein  Profeaaor  mer  arrived  at  tbi 
•oonolasion  that  the  beds  were  of  Hiooene  age.  In  noat  of  tfas 
students'  manuals  upon  British  geology  this  emlanation  of  tte 
origin  and  position  of  these  beds  is  given,  and  it  stiU  h<dda  the  field, 
for  in  the  latest  edition  (1908)  of  Professor  Axohibald  GMkie'a  Tail 
Book  of  Geoloiqr  we  find  them  referred  to  as  '*a  small  bat 
interesting  group  of  sand,  olay,  and  lignite  beds,  fkom  200  to  800 
feet  thiok,  which  lies  between  the  granite  of  Dartnoor  and  fte 
greensand,  in  what  was  evidently  the  hollow  of  a  lake."  The  lab 
hypothesis  might  thus  be  called  the  orthodox  view,  ainoe  otfisr 
suggestions  antagonistic  thereto  have  not  so  for  been  aUe  to 
command  general  attention,  much  leas  acceptance.  That  bidng  the 
case  it  might  be  thought  that  little  service  would  be  rendered  bj 
dragging  immature  views  before  the  public  notice ;  bat  the  mattsr 
has  become  more  involved  since  the  new  G^logioal  Survey  map  of 
the  district  in  question  has  been  published,  inasmuch  as  the  gravels 
whioh  cap  the  bordering  bills  are  now  coloured  the  same  as  tbe 
Bovey  lake  area,  thus  associating  the  two  as  members  of  the  same 
series  which  were  disassociated  by  colour  and  name  in  the  old  maps. 

An  attempt  to  trace  the  steps  which  have  led  to  this  ohange  said 
to  examine  the  data  upon  which  a  new  theory  is  being  oonstmctedi 
may  be  of  interest. 

The  following  citations  are  from  papers  by  Mr.  J.  Starkie  (Gardner  :— 
"The  fossil  plant  remains  met  with  in  the  Bournemouth  beds, 
especially  those  in  the  marine  series,  are  so  strikingly  similar  to 
the  Bovey  Traoey  fossils,  as  to  make  it  clear  to  my  mind  that,  the 
latter  have  been  wrongly  assigned  to  the  Hiooene.  I  believe,  in  faot, 
that  they  are  simply  an  outlier  of  the  Boumemoath  series,  from  which 
they  are  but  eighty  miles  distant," ' 

**  Time  has,  however,  completely  refuted  upon  plant  evidence  the 
theory  that  the  Bovey  beds  are  Miocene,  and  unmistakably  identified 
them  with  the  Middle  Bagshot  of  Bournemouth.  Upon  geoI<^cal 
evidence  also  the  improbability  is  apparent  of  such  great  deposits 
being  accumulated  in  a  Devonshire  valley  without  any  trace  of  them 
existing  elsewhere,  and  a  theory  which  brings  them  into  a  defined 

^  De  la  Beche :   Geol.  Report  of  Cornwall,  DeTon,  and  Somfiraet,  p.  257. 
^  Quart.  Joum.  Geol.  8oc.,  IS79,  toU  xxxt,  p.  227* 
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^OBition  in  the  oonseoutive  formation  of  the  oountry  would  be 
^  welcome  one."  ^ 

niese  Bovey  beds  being  contemporaDeous  with  the  Eocene  at 
Bournemouth,  "  we  see  that  this  silted  up  lake  lies  in  the  direction 
whence  the  great  Eocene  river  came,  and  must  either  have  been  in 
iU  direct  course  or  in  that  of  one  of  its  affluents."  ' 

The  Eocene  river  (Hampshire  basin)  **  must  have  been  more  than 
a  mile  in  width,  and  the  width  of  its  valley  subject  to  floods  cannot 
have  been  less  than  9  miles,  and  was  possibly  even  16  miles. 
The  total  absence  of  boulders  and  the  fineness  of  the  silt  show  that 
it  flowed  over  a  comparatively  flat  area,  and  the  absence  of  lignite 
throaghout  a  great  part  of  its  thickness  that  probably  there  were 
lakes  or  catchment  basins  in  its  course  to  intercept  drifting  timber. 
Possibly  the  Bovey  Tracey  lignite  beds,  only  80  miles  distant,  which 
are  undoubtedly  about  the  same  age,  may  be  relics  of  these.  The 
complete  absence  of  any  material  derived  from  flint  or  chalk  shows 
that  no  chalk  ranges  were  cut  through  by  it,  and  the  quartzose  and 
granitic  sand  and  pipeclay  that  its  sediment  must  have  been  mainly 
derived  from  an  old  rock  area."  ^ 

The  following  are  taken  from  papers  by  Mr.  Clement  Reid  : — 
"  A  study  of  the  composition  of  the  Eocene  gravels  shows  distinctly 
that  the  rivers  that  brought  them  must  have  flowed  from  the  west  or 
south-west."  * 

*'The  lower  Bagshot  sands  become  coarser  and  more  purely 
fluviatile  westward."  * 

**  It  is  noteworthy  that  the  new  evidence  discovered  in  the 
western  end  of  the  Hampshire  basin  strongly  supports  the  idea 
that  the  pipeclays  of  the  Bagshot  series  are  derived  from  the 
weathering  of  the  Dartmoor  granite,  and  that  the  Bovey  Tracey 
outlier  so  like  the  deposits  around  Bournemouth  is,  as  maintained  by 
Mr.  Starkie  Gardner,  of  the  same  age,  and  deposited  in  the  same 
basin,  though  in  Devon  Eocene  rest  directly  on  Palseozoic  rooks."  ^ 

"  The  general  conclusions  arrived  at  from  my  recent  work  in 
Devon  and  Dorset  are  therefore: — 1st,  that  the  supposed  literal 
Cretaceous  rocks  near  Dartmoor  are  Eocene,  and  that  no  trace  of 
Cretaceous  shore-line  is  there  visible.  2nd,  that,  as  has  been  for 
some  time  maintained,  the  Bovey  beds  are  Eocene,  not  Miocene. 
3rd,  that  the  high-level  plateau  gravels  of  Haldon,  like  those  of 
Blackdown  in  Dorset  and  probably  those  of  the  Cretaceous  hills 
between  the  two  districts,  are  of  Lower  Bagshot  date  and  mark  the 
course  of  the  old  Eocene  river."  ^ 

Ignoring  apparent  discrepancies  in  an  attempt  to  connect  and 
summarise  the  general  purport  of  these  extracts,  we  first  note  that 
they  sweep  away  our  formerly  supposed  geological  representative  of 

*  Geol.  Mao.,  1879,  New  Series,  Decade  II,  Vol.  VI,  p.  162. 
«  Ibid.,  p.  163. 

•  Quart.  Journ.  Geol.  Soc,  1882,  toI.  xxxviii,  p.  10. 

*  Quart.  Joum.  Geol.  Soc,  1896,  vol.  lii,  p.  492. 
«  Ibid.,  p.  490. 

•  Ibid.,  p.  494. 

'  Ibid.,  1898,  Yol.  L>,  p.  2ZQ, 
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Miooene  times.  Instead  of  oonsidering  the  BoTey  beds  as  a  nniqae 
deposit  within  our  boundaries,  we  are  hereby  directed  to  regiid 
them  as  only  a  small  portion  of  onoe  widely  extending  beds  thatift 
saved  from  the  destruction  of  denudation  that  most  of  the  formation 
has  met  with,  by  sinking  into  the  hollow  in  which  they  are  now 
found.  We  also  learn  from  these  eztraots  that  the  gravels  and  saodft 
which  are  found  capping  the  hills  bordering  the  Bovey  area  are 
really  stratigraphically  below  and  form  the  basal  portion  of  theie 
deposits,  the  whole  series  being  of  Middle  Eocene  age.  We  are  to 
consider  them  further  as  western  portions  of  and  onoe  continnooa 
with  the  Lower  and  Middle  Bagshot  beds  of  Hampshire,  of  fmh- 
water  origin,  the  detrital  material  of  an  Eocene  river  which  flowed 
from  the  west. 

The  following  examination  of  some  portions  of  this  theory  applies 
generally  to  the  deposits  in  question  that  are  to  be  found  in  the 
neighbourhood  of  Bovey,  and  is  an  attempt  to  ascertain  whether 
this  view,  as  compared  with  the  older  theory,  more  satisfactoiily 
interprets  the  geological  facts  within  this  area,  when  the  natnial 
inferential  and  collateral  questions  arising  from  it  are  considered. 

And  first  in  respect  to  the  river.  Presumably  as  the  gravels, 
sands,  and  arenaceous  clays  which  form  the  lower  member  of  this 
series  are  to  be  regarded  as  river  drift,  we  must  infer  that  the 
removal  of  all  the  chalk  and  a  portion  of  the  greensand  that  onoe 
covered  the  area  now  overlain  by  these  gravels  was  also  the  work  of 
this  river.  If  so,  there  must  have  been  no  inconsiderable  thickness 
of  chalk  lying  over  the  Ualdon  area  destroyed  by  this  river,  not  in 
the  usual  way  of  cutting  through  it,  but  by  sweeping  the  whole  area 
of  the  Cretaceous  deposits,  entirely  in  some  parts,  and  down  to 
a  portion  of  the  Greeusand  in  others.  Accompanying  this  destruction 
was  the  conveying  from  higher  elevations  westward  of  similar 
material  to  that  removed,  and  its  distribution  over  the  area  thus 
eroded,  i.e.,  the  deposition  of  the  gravels,  etc.,  now  termed  Lower 
Ba^rshot  beds.  The  coarseness  of  much  of  the  material  of  these 
beds  demands  the  assumption  of  a  rapid  current  and  consequently 
a  comparatively  high  angle  of  elevation  to  the  land  westward.  The 
size  of  the  river  is  another  point  of  remark,  since  its  width  within 
the  district  indicated  as  measured  by  the  extent  of  these  gravels, 
taken  either  north  and  south  or  east  and  west,  must  have  been  at  least 
12  miles.  The  present  boundaries  have,  of  course,  been  much 
narrowed,  yet  further  east  similar  criteria  must  give  even  greater 
width.  Now  the  length  of  the  river  could  not  be  in  proportion 
to  the  width,  even  though  this  portion  might  be  considered  a  part  of 
its  estuary  (which  the  coarseness  of  the  detritus  would  scarcely 
warrant),  for  it  is  supposed  to  flow  from  the  west  or  south-west. 
From  Mr.  W.  II.  Hudleston's  address  *  before  referred  to  it  appears 
that  only  200  miles  west  of  South  Devon  the  edge  of  the  deep  ba^in 
of  the  Atlantic  is  met  with,  the  limit  of  the  European  land  area  iu 
that  direction  and  the  boundary  of  a  geologically  permanent  drainage 

*  Tnius.  Devon.  Assoc,,  1889,  p.  33. 
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iiML  Now  Bupposing  that  the  Eooene  land  stretched  to  the  utmoBt 
boundary  westward,  and  that  its  slope  was  eastward  from  almost  ita 
western  limits,  probability  must  be  farther  strained  to  assume  snob 
I  large  river  within  so  narrow  a  strip  of  land. 

What  is  more  remarkable,  however,  is  that,  although  so  large  and 
iwtft  a  stream,  it  brought  down  no  foreign  material  whatever, 
for  these  gravels  contain  only  ohalk  and  greensand  d6bris  with  some 
other  fragments  of  rocks  that  are  to  be  found  in  their  immediate 
neighbourhood.  This  negative  evidence  must  surely  be  of  fatal 
import,  since  even  though  the  chalk  area  stretched  further  westward 
thfui  Devonshire,  still  it  would  hardly  be  considered  possible  that  the 
whole  coarse  of  the  river  was  during  its  term  of  existence  only  over 
and  through  the  same  Chalk  formation. 

These  gravels  are  assigned  to  the  Bagshot  age  of  the  Eocene  era, 
which  means  a  lapse  of  time  subsequent  to  the  close  of  the  Cretaceous 
period,  during  which  the  new  Tertiary  land  subsided  eastward, 
allowing  the  formation  of  the  lower  Eocene  members,  viz.,  the 
Tbanet  beds,  the  Reading  beds,  and  the  London  Clay,  totalling  some 
500  feet  of  new  deposits,  before  the  gravels  in  question  are  supposed 
to  be  formed  from  the  long  upraised  ohalk  land.  Now  although 
this  geological  hiatus  within  this  area  must  be  inferred  in  order  that 
the  Eocene  era  might  half  spend  itself  before  the  appearance  of  the 
river  to  form  these  gravels,  yet  strangely  and  unfortunately  no 
diatinotive  forms  of  Eocene  life  are  found  among  its  fossils  ;  indeed, 
only  such  palsdontologioal  evidence  is  met  with  in  them  as  to  declare 
them  to  be  simply  chalk  and  greensand  debris.  May  not  this  be 
taken  as  an  indication  of  earlier  formation  than  that  assigned  ? — 
a  supposition  in  keeping  with  the  observation  that  the  material 
of  the  deposits  and  conditions  of  formation  were  unsuitable  for 
gathering  and  preserving  contemporary  biological  evidence. 

Now  these  difficulties  which  seem  to  naturally  arise  with  the 
assumption  that  the  gravels  are  river- borne  do  not  present  themselves 
when  the  older  theory  referred  to  by  Mr.  Reid  (anUj  p.  271)  by  the 
words  ''literal  Cretaceous  rocks"  are  considered.  De  la  Beohe  thus 
accounts  for  them : — *'From  the  unrolled  condition  of  a  large  proportion 
of  the  flints  in  the  neighbourhood  of  Lyme  Regis,  Sidmouth,  Chard, 
and  Blackdowns,  we  are  led  to  suppose  that  the  chalk  in  which  they 
were  embedded  may  have  been  quietly  removed  from  among  them, 
and  that  these  flints  may  have  been  let  down  nearly  in  places  above 
which  they  occurred  in  the  chalk."  *  Quoting  again  from  Mr.  W.  H. 
Hndleston's  address : — ''  Speaking  of  the  geology  of  the  neighbour- 
hood of  Dawlish,  Mr.  Ussher  says  there  can  be  little  doubt  that  the 
Cretaceous  highlands  of  Devon,  such  as  the  Haldons,  are  portions  of 
a  great  plain  of  marine  denudation,  and  he  speaks  of  a  tiiua|^wbeu 
that  Cretaceous  tableland  abutted  on  the  flanks  of  Dartmoor.^ 

The  facts,  then,  pertaining  to  the  gravels  of  the  area  in  question 
can  be  accounted  for,  without  involving  inferential  difficulties,  by 

»  Op.  cit.,  p.  255. 

»  Trans.  Devon.  Assoc.,  1889,  p.  32. 
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assuming  that  they  are  of  shallow  sea  and  shore  formation;  tlu^ 
the  western  border  of  the  ohalk  and  greensand  deposits  beoomin^ 
exposed  to  tide,  wave,  and  oarrent  action,  was  thoroughly  disturbed 
by  these  agencies,  that  the  beds  were  worn  down,  sifted,  and  tlte 
materials  rearranged;  and  that  while  subjected  to  these  processei 
some  new  material  was  being  added  from  the  shores  and  streams  of 
the  bordering  Dartmoor  land  in  relative  proportion  to  the  distance 
from  that  shore. 

Turning  now  to  consider  the  plastic  clay,  sand,  and  lignite  beds 
which  overlie  a  part  of  these  gravels  and  form  such  a  distinguishing 
feature  in  the  geology  of  the  Bovey  area,  the  first  question  that 
presents  itself  in  regard  to  them  is,  what  relation,  in  time,  do  they 
bear  to  the  beds  immediately  preceding  them  in  position  ?  Were 
these  deposits  laid  upon  the  gravels  without  any  material  break  in 
time,  alteration  of  conditions,  or  change  of  agency  ?  The  citationi 
are  not  definite  upon  these  points,  but  as  each  writer  attributes  the 
gravels  and  clays  respectively  to  the  agency  of  an  eastward-flowing 
Eocene  river  it  would  appear  as  though  the  later  author  had  adopted 
the  river  of  the  former,  thus  making  the  formations  consecutive  in 
both  position  and  time.  In  respect  to  the  latter  point  there  does 
seem  to  be  some  doubt  in  the  mind  of  Mr.  Beid  as  to  the  exact 
horizon  of  the  clays  in  the  Eocene  series,  for  he  writes : — *'  With 
regard  to  the  age  of  the  lignite  and  pipeclay  of  Bovey  it  is  difficult 
yet  to  speak  with  confidence.  Mr.  Starkie  Qardner  has  pointed  out 
that  the  flora  is  probably  of  Bagshot  age,  not  Miocene  as  stated  by 
Heer,  and  the  resemblance  of  the  deposits  and  of  their  flora  to  the 
undoubted  Bagshot  of  Dorset  is  most  striking.  Still,  one  cannot 
say  that  the  botanical  evidence  is  conclusive,  for  the  species  are  few 
and  greatly  need  re-examination."  ^ 

Now  the  gravels  and  clays  bear  no  relation  to  each  other  in  either 
mineral  constitution  or  origin,  so  that  there  does  not  appear  any 
acceptable  way  of  reconciling  these  facts  with  the  hypotJiesis  that 
the  same  rivor  was  responsible  for  both  deposits. 

The  supposition  is  rendered  more  untenable  by  the  statement  on 
p.  271,  ante,  that  ''  the  complete  absence  of  any  material  derived 
from  flint  or  ohalk  shows  that  no  chalk  ranges  were  cut  through 
by  it,  and  the  quartzose  and  granitic  sand  and  pipeclays  that  its 
sediment  must  have  been  mainly  derived  from  an  old  rock  area.'* 
This  provokes  the  query,  how  could  that  river  flow  from  the  west 
in  Middle  Eocene  times  without  going  over  and  through  Cretaceous 
deposits  ? 

But  it  is  the  exact  mode  of  deposition  of  the  Bovey  clays,  sands, 
and  lignites  only  that  we  are  now  considering;  their  origin  is  so 
evident  as  to  be  beyond  dispute.  The  authors  cited  declare  that 
these  beds  do  not  form  an  independent  deposit,  but  an  outlier  of 
Eocene  strata  that  formerly  extended  from  Mid  Devon  to  the  Isle  of 
Wight.  It  should  perhaps  be  noticed  that  Mr.  Gardner  does  not 
appear  to  be  quite  convinced  as  to  the  exact  relation  of  the  deposits 

1  Quart.  Joum.  Geol.  Soc,,  1898,  p.  236. 
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^  their  original  basin.     In  quotation  ante^  p.  270»  he  thinks  the  lake 

^eorj  unsatisfaotory ;  in  the  next  extract  he  seems  to  accept  that 

tbeorj.     In  another,  p.  271,  he  considers  the  days  might  have  been 

A)nned  in  lakes  or  catchment  basins  in  the  course  of  the  Eocene 

riyer ;  but  Mr.  Beid  writes  with  conviction  that  the  Bovey  beds  are 

limply  an  outlier  as  expressed  by  Mr.  Qardner  in  citation  on  p.  271. 

Now  the  assumption  that  the  beds  were  formed  in  a  lake  by 

an  affluent  of  the  Eocene  river  does  not  disturb  the  old  theory  at 

all,  and  in  consequence  needs  no  comment.    That  the  lake  might 

have  been  one  in  the  course  of  the  main  stream  would  raise  the 

question,  how  are  the  clays  further  eastward  to  be  accounted  for 

if  the  river  was  cleared  of  its  detrital  material  by  the  Bovey  lake  ? 

The  consideration  of  the  Bovey  area  as  a  'catchment'  basin 
woold  imply  that  close  under  the  slopes  of  Dartmoor  low-lying  land 
9  by  4  miles  in  dimensions  received  a  part  only  of  the  water  and 
detritus  of  a  river  flowing  eastward  along  its  southern  border. 
That  in  this  way  from  300  to  400  feet  of  deposits  were  formed 
without  the  help  of  streams  from  land  bordering  it  on  the  north ; 
for  although  the  Dartmoor  granite  is  the  undoubted  origin  of  the 
<Aaj  and  sand  material  of  these  deposits,  yet  streams  coming  directly 
into  the  area  therefrom  are  precluded  by  the  terms  of  the  hypothesis. 
Now  streams  have  flowed  down  that  slope  of  Dartmoor  continuously 
since  even  pre-Eocene  times,  so  that  the  'catchment'  supposition 
can  hardly  be  maintained  in  the  case. 

It  is,  however,  the  'outlier'  view  that  demands  the  closest 
consideration.  This  implies  that  the  deposits  were  spread  more 
or  less  regularly  over  the  area  before  indicated,  extending  some 
100  miles  east  and  west.  Data  are  wanting  to  get  an  estimate 
of  the  width  of  the  supposed  basin,  but  if  the  gravels  may  be  used 
as  such  it  might  be  taken  to  be  from  12  to  25  miles  westward,  and 
about  25  miles  wide  towards  its  eastern  limits.  This  hypothetical 
'lagoon'  during  the  deposition  within  it  of  the  Middle  Eocene 
fresh- water  beds  received  apparently  very  little  else  than  the  detrital 
material  of  Dartmoor,  from  which  the  clays  and  accompanying  sands 
were  derived.  Now,  however,  we  may  regard  the  distribution  of 
these  beds  over  this  area ;  from  the  figures  available  respecting  the 
present  existing  remnants  I  the  supposition  that  they  were  continuous 
implies  such  an  enormous  amount  of  derived  material  as  to  seem 
incompatible  with  the  reputed  source  of  supply.  Mr.  Gardner 
accepts  Pengelly's  estimate  of  the  Bovey  clays  as  "  440  feet  without 
bottom  being  reached,"  and  his  own  estimate  of  the  fresh-water 
•series  of  Bournemouth  is  from  600  to  700  feet  thick.  Begarding 
these  deposits,  80  miles  apart,  as  continuous  in  the  light  of  the 
remarks  that  they  "  have  been  mainly  derived  from  an  old  rock 
area,"  and  "are  derived  from  the  weathering  of  the  Dartmoor 
granite"  (vide  ante),  we  are  impressed  with  the  enormous  demand 
made  upon  that  comparatively  small  granite  mass.  Put  into  terms 
of  roughly  comparable  measurement,  it  may  be  represented  thus : — 
A  part  only  of  an  area  of  less  than  250  square  miles  called  upon  to 
supply  material  hundreds  of  feet  in  thickness  over  mov^  Ocl^ax  \,^^^ 
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square  miles  of  snrfaoe  within  the  nurow  limits  of  one  unit  ^t 
geologic  time.  Does  not  the  supposition  provoke  the  qaestion  of 
possibility  in  place  of  probability  ? 

Another  consideration  suggested  by  the  'lagoon'  hypothesis  u 
the  remarkable  thickness  of  the  olay  beds  on  the  western  side  » 
near  the  souroe  of  origin.  The  material  of  the  olay  derived  fnm 
the  decomposition  of  the  felspars  of  the  granite  is  of  extreme 
fineness,  probably  the  most  impalpable  material  forming  deposits, 
so  that  it  would  be  held  in  suspension  longer  than  any  other  detritai 
material,  and  woald  be  precipitated  only  where  the  water  was 
almost,  if  not  quite,  motionless. 

Consequently  it  does  not  seem  to  be  consistent  with  the  nature  of 
the  material  in  suspension  that  suoh  an  enormous  deposit  should 
have  been  made  close  to  the  foot  of  the  steep  slopes  of  the  granite, 
where  the  rapid  streams  bearing  the  detritus  would  cause  continual 
commotion  and  currents  that  would  make  themselves  felt  for  con- 
siderable distances  in  a  large  tideless  water  area;  so  that  the 
deposition  of  the  finest  material  would  hardly  take  plaoe  quite  near 
to  the  stream  discharges  without  some  check  to  the  motion  of  the 
water  such  as  narrower  land  boundaries  would  give.  One  would 
therefore  expect  to  find  the  finest  and  purest  clay  in  thickest  beds 
away  from  that  part  of  the  *  lagoon '  where  the  streams  entered  it, 
while  the  coarser  material  would  indicate  that  locality.  The  sands 
could  scarcely  reach  the  farther  part  of  the  basin  until  the  western 
part  was  shallow  enough  to  allow  the  streams  to  retain  sufficient 
carrying  power  to  convey  them.  But  this  arrangement  is  not  found 
in  the  fresh-water  deposits  of  the  Hampshire  basin,  and  indeed 
Mr.  Gardner  accounts  for  the  way  they  occur  rather  by  current  action 
in  an  estuary  than  by  deposition  in  an  entirely  water-covered  area. 
The  same  line  of  thought  occurs  in  connection  with  the  31  super- 
imposed lignite  beds  found  so  near  the  discharging  place  of  the 
streams.  If  there  had  been  a  much  larger  sheet  of  water  than  the 
Bovey  area  comprises,  would  it  not  be  likely  that  the  drift  vegetation 
forming  the  lignite  beds  would  have  floated  farther  away  before 
becoming  waterlogged  and  settling  down  with  the  fine  clay  material  ? 

In  respect  to  the  point  whether  the  waters  of  Dartmoor  did 
convey  the  Eocene  deposits  to  the  Hampshire  basin  there  seems 
to  be  an  almost  absolute  criterion,  for  any  sands  so  carried  would 
certainly  contain  a  considerable  proportion  of  tourmaline  or  schorl 
grains  such  as  are  to  be  met  with  in  the  sands  at  all  levels  within 
the  Bovey  area  that  are  associated  with  the  clays.  There  is  no 
mention  of  such  mineral  in  the  detailed  descriptions  of  the  Eocene 
sands  of  Hampshire,  which  may  be  an  oversight,  but  if  not,  the 
absence  of  the  mineral  must  surely  necessitate  a  reconsideration, 
if  not  of  the  origin  of  the  clay,  at  least  of  how  the  clay  became 
disassociated  from  its  native  matrix  material,  to  be  found  in  company 
with  other  siliceous  deposits. 

These  considerations  arising  from  the  references  made  to  the  Bovey 
clays  seem  to  me  to  militate  against  the  'outlier*  theoi-y  in  respect 
to  these  deposits,  while  no  buc\\  d\f^c\\U\^s  \)re8eut  themselves  in 
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oonnectioQ  with  the  older  and  simpler  lake  hypothesis.  Having 
elsewhere  reviewed  the  geology  of  the  Teign  basin  upon  the  basis  of 
the  lake  theory,^  ray  attention  was  called  to  views  which  had  been 
nore  recently  propounded  in  respect  to  the  clays  and  gravels.  In 
lobjeoting  these  to  examination  I  have  endeavoured  to  do  so  with 
dentific  spirit  and  method,  for  having  so  far  interested  myself  in 
he  problems  I  desire  to  find  a  rational  interpretation  of  the  geology 
f  a  neighbourhood  which  is  veiy  familiar  to  me. 


I^SVIS^WS- 


. — loK  OB  Watkb.  Another  Appeal  to  Induotion  fbom  the 
Scholastic  Methods  of  Hodebm  Qeoloot.  By  Sir  Hembt  H. 
Howorth,  K.C.I.E.,  D.C.L.,  F.B.S.  In  three  volumes.  Vols,  i 
and  ii.     (Longmans,  1905.) 

rsome  books  justice  can  be  done  in  a  short  notice,  but  hardly  to 
such  a  one  as  this.  Reviewing  ''  Ice  or  Water  "  in  the  pages 
\i  the  Qeologioal  Magazine  is  something  like  condensing  an  ox 
nto  a  teacup,  once  depicted  in  an  advertisement  Besides  that — 
hoQgh  this  reduces  the  quantity  of  material — ^the  work  is  not  yet 
lomplete.  We  have  only  the  first  and  second  of  three  volumes,  and 
nay  thus  misunderstand  their  author,  as  we  lack  his  final  summing 
ip.  Here,  however,  we  are  probably  saved  from  any  grave  error  by 
I  lucid  and  rather  lengthy  preface,  and  by  being  told  that  the  book 
B  virtually  a  continuation  of  those  learned  works  with  which  we  are 
Jl  familiar—''  The  Mammoth  and  the  Flood "  and  ''  The  Glacial 
Ifightmare.*'  It  may  therefore  suffice  to  state,  as  shortly  as  possible, 
he  contents  of  these  two  volumes,  adding,  as  the  book  is  entitled 
in  appeal  to  induotion,  one  or  two  comments  on  the  author's  use 
>f  this  method  of  reasoning. 

In  *'  The  Mammoth  and  the  Flood  "  Sir  H.  Howorth,  as  he  tells 
18,  explains  certain  well-known  phenomena  by  ''a  cataclysm  on 
\  widespread  scale,  which  caused  very  important  dislocations  of  the 
larth's  surface,  accompanied  by  gigantic  tidal  waves  "  (would  not 
he  dislocations  cause  the  cataclysm,  if  that  word  be  used  in  the 
ordinary  sense?);  and  in  "The  Glacial  Nightmare  "  he  prefers  it, 
ifter  a  critical  discussion,  to  the  invocation  of  a  Great  Ice  Age  as  an 
xplanation  of  the  '*  last  touches  and  alterations  made  in  the 
onfiguration  of  a  large  part  of  the  ecurth's  surface  and  of  the  soft 
leposits  which  cover  it" 

The  opening  chapters  of  the  present  work  are  devoted  to  a  critical 
ixamination  of  the  Astronomical  and  Meteorological  Theories  of  an 
08  Age;  from  which  both,  and  especially  the  former,  emerge 
n  a  dishevelled  condition.  The  author  next  dismisses  as  unsatis- 
aotory  other  explanations,  some  of  them  only  modificati(ms  of 
/roll's,  till  the  stage,  as  at  the  end  of  ''  Hamlet,"  is  strewn  with  the 

^  Trans.  Dotod.  Absoc.,  1903,  pp.  6Sl'-645, 
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slain,  and  he  clears  away  the  corpses  by  declaring  all  known  gladit 
theories  to  be  inadequate.    After  this  slaughter  grim  and  great,  he 
turns  aside  to  discuss  air,  wind,  and  water,  rain,  riTers,  and  sea,  as 
agents  of  denudation  or  deposition,  afterwards  subjecting  ice  to 
a  very  rigid  cross-examination  as  to  its  boasted  powers  as  an  eroder 
and  excavator.    He  then  tells  us  what  subterranean  forces  can  da 
as  fashioners  of  the  earth's  surface,  informing  us  by  the  way  that 
oorries  and  cirques  are  due  to  subterranean  movements  no  less  than  the 
breached  craters  of  Auvergne  and  even  the  complete  one  of  Gotopan 
(vol.  i,  p.  535).    In  the  second  volume  he  brings  forward  *'  some 
d  priori  arguments  against  the  Oreat  Ice  Age,"  which,  however, 
prove  to  be  mainly  discussions  of  the  supposed  evidence  of  ice- 
action  in  the  Permian  breccias  of  the  Midlands,  the  Gk>ndwaiia 
Series  of  India,  and  similar  deposits  in  Australia,  Tasmania,  and 
South  Africa.     None  of  these,  he  maintains,  allows  us  to  think  that 
the  **  Ice  King  ever  took  such  a  liberty  as  to  put  his  arms  round  the 
waist  of  our  mother  earth."     If,  then,  we  cannot  attribute  the 
transport  of  these  blocks  to  ice,  we  are  driven  to  seek  some  other 
cause.     He  next  examines  the    biological   evidence   for   the  so- 
called  Ice  Age  and  the  Interglacial  Periods,  besides  that  for  the 
alleged  southern  frontier  of  the  Drift  beds  and  their  rock  materials, 
and  maintains  these  materials  to  be  derivative,  which,  in  a  certain 
sense,  is  indisputable.    Next  he  discusses  the  bearing  of  the  external 
features  of  the  Drift  on  the  theory  of  an  Ice  Age,  and  concludes 
the  volume  with  a  description  of  the  Arctic  regions  in   Glacial 
times,  maintaining  the  ice  in  these  to  be  now  about  at  its  maximum. 
The  present  work  has  all  the  characteristics  of  its  predecessors. 
No  pains  have  been  spared  in  searching  the  literature  of  the  subject 
Whether  we  accept  the  author's  conclusions  or  not,  we  owe  him 
a  debt  of  gratitude  for  bringing  together  in  a  readily  aocessible 
form  such  a  mass  of  information ;  though,  as  the  work  may  remain 
for  some  time  incomplete,  we  should  have  been  grateful  had  each 
volume  been  provided  with  an  index,  or  at  least  with  a  much  fuller 
table  of  contents.     The  author  also  would  have  done  well  had  he 
prevailed  on  some  geological  friend  to  read  over  his  proofs,  for 
typographical  errors,  notwithstanding  a  considerable  table  of  errata, 
are  still  rather  too  numerous.     These  trifling  blemishes,  however, 
cannot   detract  from   the  value  of  **  Ice  or  Water  "  as  a  book  of 
reference.     But,  great  as  this  undoubtedly  is,  the  work,  we  think, 
has  the  defects  of  its  qualities.     Though  professing  to  be  an  appeal 
to  induction,  its  methods  are  forensic  rather  than  strictly  scieutiflc. 
Advocates  and  philosophers  alike  often  reason  inductively,  but  with 
this  difference :  the  one  selects  and  groups  his  facts  so  as  to  sustain 
his  case ;    the  other,  after  placing  all,  so  far  as  he  can,  in  right 
perspective,  draws  from  them  the  inferences  which  seem  the  mo^t 
accordant.     At  least,  this  is  the  true  inductive  method,  though  we 
cannot  say  that  it  is  always  followed  by  enthusiastic  glacialists, 
whom  we  gladly  leave  to  the  author's  tender  mercies.      Again,  his 
method   of  conducting  his  case  occasionally  reminds  one  of  that 
emiDeut  advocate  who,  some  e\xI^  'je^ix^  ^^o,  vfon  the  sobriquet  of 
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*  Apple-pip.'  This  may  serve  as  an  example.  Stones  in  boalder- 
clajs  are  frequently  striated,  and  most  geologists  now  accept  those 
marka  as  indicating  the  action  of  ice.  This  interpretation  he  disputes, 
proposing,  as  we  think,  improbable  alternatives.  Excellent  authorities 
declare  that  striation  may  be  produced  by  the  friction  of  stones  one 
against  another  when  embedded  in  a  rock-mass ;  they  may  be  of  the 
nature  of  sliokensides.  That  is  undoubtedly  true,  but  stones  thus 
marked  are  not  common,  and  only  occur  under  special  circumstances. 
Be  tells  us  they  may  be  scratched  accidentally  by  the  passage  of 
I  plough  or  harrow,  and,  as  he  might  have  said,  by  boys  using  them 
la  substitutes  for  a  toboggan ;  these,  again,  are  local  in  occurrence 
ind  can  usually  be  distinguished.  They  may  be  scratched  by 
mutual  friction  when  swept  along  by  a  rapid  stream.  That  also  is 
;nie»  but  anyone  who  has  examined  the  pebbles  in  a  torrent  bed  or 
>n  the  sea-shore  knows  that  such  markings  are  few  and  far  between. 
Sir  H.  Howorth  practically  ignores  two  other  facts  :  the  abundance 
>f  these  striated  pebbles  in  many  British  boulder-clays,  and  their 
Kxsurrence  in  the  till  of  the  Swiss  lowland,  from  which  we  can 
track  them  up  to  the  existing  glaciers,  while  he  lays  stress  upon 
the  fact  that  they  are  rare  in  moraines  connected  with  such 
glaciers.  Naturally  they  are,  because  at  the  present  day  most  of  the 
morainic  material  has  travelled  on,  not  under,  the  ice,  but  they  may 
be  found  if  we  hunt  for  them  in  the  right  place. 

His  method  of  citing  authorities  is  also,  we  think,  distinctly 
forensic.  Science  is  progressive,  so  that,  though  the  facts  recorded 
by  a  careful  observer  may  hold  good  for  all  time,  his  interpretation 
>f  them  may  prove  to  be  erroneous.  But  if  one  of  "  his  masters,*' 
say  Murchison,  whom  he  seems  to  hold  in  special  veneration,  has 
referred  some  phenomenon  to  diluvial  or  other  form  of  catastrophic 
BU)tion,  he  is  perfectly  content;  forgetting  that  the  efforts  of  ice 
were  practically  unrecognised  in  Britain  sixty  years  ago.  The  same 
uncritical  use  of  quotations  has  led  him  to  give  renewed  currency  to 
Buokland's  mistaken  reference  of  the  quartzite  pebbles,  so  abundant 
in  the  Bunter  beds  of  the  Midlands,  to  the  Lickey  Hills.  But 
adverse  authorities  meet  with  much  less  reverential  treatment.  If 
Colonel  Feilden  states  that  a  stone  in  an  Arctic  deposit  is  ice- 
soratched,  that  is  followed  by  *'  (say  scratched,  H.  H.  H.)." 
Ck)n8idering  that  the  former's  experience  in  the  field  has  been  so 
much  the  greater,  to  treat  his  writing  as  a  schoolmaster  does  a  boy's 
exercise  is  a  rather  strong  measure. 

But  though  the  author  too  often  reminds  us  of  a  skilled  cross- 
Bxamining  counsel,  we  gladly  admit  that  some  of  the  extremists  in 
glacial  matters  leave  the  witness-box  in  a  very  damaged  condition. 
Ue  has  a  most  uncomfortable  habit  of  taking  up  a  bunch  of  puppet 
hypotheses  and,  as  it  were,  knocking  their  heads  together.  But  he 
succeeds  better  as  a  destroyer  than  a  constructor.  He  takes  away 
Em  ice-sheet  to  put  a  deluge  in  its  place.  But  we  are  entitled  to  ask 
for  some  proof  that  the  substitute  could  produce  such  deposits  as  the 
3rift8  of  the  Norfolk  coast  or  transport  such  boulders  as  it  contains. 
For  a  deluge  to  lay  down  a  rather  large  grou^  ol  ^\x^\!\^<^^  ^^\A^ 
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and  clays  is  no  easy  feat,  and  for  it  to  tmiapoit  inswca  of  didk 
several  thousand  cubic  feet  in  Tolnme,  perluupa  for  aome  iBi1eft»  woald 
be  yet  more  difficult     It  is  not  explained  by  qooting  case*  of  tks 
effect  of  waves  in  violent  storms  or  of  what  a  nuh  of  water  has  dune 
when  pent  np  in  a'  narrow  valley.    The  great  chalk  and  other  line- 
stone  erratics  of  the  more  eastern  part  of  England,  the  amaller  bit 
still  very  considerable  boulders  of  the  more  western  and  centnl 
districts,  have  often  been  moved  over  a  comparatively  open  distriel, 
where  the  mightiest  rush  of  water  wonld  quickly  looe  ita  fores,  or 
have  been  transported  across  the  general  trend  of  the  valleys.   So, 
thongh,  as  we  have  already  said.  Sir  H.  H.  Howorth  deaervea  the 
gratitude  of  every  student  for  theae  full  storehonaea  of  glaeial 
literature,  we  think  that  (to  reverse  the  old  saying)  in  aeekiag  to 
avoid  Scylla  he  has  been  swept  away  by  Charybdia.  T.  O.  B. 
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Wales. 

The  Geology  of  the  North  STAFroRnsBiRE  CoALriRLDa.  By 
Walcot  Gibson,  B.Sa,  F.G.S. ;  with  contributions  by  George 
Barrow,  F.G.S.,  C.  B.  Wedd,  B.A.,  F.G.S.,  together  with  a 
Palasontological  Account  and  List  of  Fossils  by  J.  Ward,  F.6.& 
pp.  vii  and  523,  with  8  plates  and  21  illustrations  in  the  text 
(London:  printed  for  His  Majesty's  Stationery  Office;  sold  by 
£.  Stanford.    Price  6t.} 

rpHIS  memoir  contains  a  detailed   account  of  the  Coalfields  of 
L     North    StafTordsbire,    especially    those    of    the    Pottery  and 
Cheadle  Coalfields. 

The  PaleeoTitology  of  the  Pottery  Coalfield  is  described  in  detail 
by  Mr.  John  Ward,  and  is  accompanied  by  full  lists  of  the  fossils. 
Details  of  numerous  pits  and  quarries  are  given  in  an  appendix, 
alHO  a  complete  bibliography.  There  are  numerous  illustrations, 
including  a  colour-printed  map  of  the  Cheadle  Coalfield  on  a  scale 
of  one  inch  to  a  mile,  and  six  plates  of  the  principal  fossils  of  the 
Coal-measures. 

The  TriasHic  and  Glacial  deposits  are  described  in  separate 
chapters.  The  economic  products  of  the  Pottery  Coalfield  are 
dcHcribed  in  chapter  xii.  The  account  includes  the  question  of 
the  future  coai-nupply  of  the  district,  in  addition  to  a  description 
of  tho  local  hniiding-stones,  clays,  and  marls,  supplemented  by  an 
enumeration  of  the  chief  sources  of  water  supply. 

Tho  orij^inal  Geological  Survey  was  made  on  the  Old  Series 
one  inch  map,  Sheets  72  N.W.,  73  N.E.,  and  81  S.W.,  published 
durii)(^  the  years  1852-1864,  the  Coal-measures  having  been  mapped 
by  Sir  \V.  W.  Smyth,  Permian  and  Trias  by  Professor  E.  Hull,  and 
the  siilj.livisions  of  the  *  Yoredale  Rocks'  and  Millstone  Grit  by 
Professor  A.  II.  Green.  The  memoir  on  the  Iron  Ores  of  North 
Statlo  nisi  lire,  by  Sir  W.  W.  Smyth,  published  in  1862,  contains 
a  ^ulnIllary  of  the  geological  features  of  the  coalfielils;  and  brief 
accounta  of  the  northern  end  of  the  Pottery  Coalfield,  known  as 
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the  Bitldnlph  Trough,  were  poblisbed  in  1866  in  the  memoir  oq 
the  G^eology  of  Stockport,  Maoclesfield,  Congleton,  and  Leek,  by 
Professor  Hall  and  Professor  Green. 

The  re-survey  on  the  six  inoh  scale  was  commenced  in  1898 
-and  completed  in  1901.  llie  Pottery  Coalfield  was  surveyed  by 
Messrs.  W.  Gibson  and  C.  B.  Wedd,  and  the  Cheadle  Coalfield 
by  Mr.  George  Barrow.^  The  area  is  included  in  the  New  Series 
-4)De  inoh  Sheets  110,  123,  124.  Drift  and  Solid  Editions  of 
Sheet  128,  with  an  explanatory  memoir,  were  published  in  1902. 
A  desoription  of  the  Cheadle  Coalfield,  with  an  accompanying 
geological  map  (part  of  Sheet  124),  was  published  in  1903.^ 
A  sheet  of  Vertical  Sections,  giving  sections  of  shafts  in  the  Pottery 
Coalfield,  was  published  in  1901.  Sheet  110,  which  includes  a  small 
portion  of  the  Pottery  Coalfield,  has  been  prepared  for  publication ; 
while  thirty-five  quarter-sheets  on  the  six  inch  scale,  including  the 
whole  of  the  ground  described  in  this  memoir,  were  published  with, 
geological  lines  in  1904. 

Although  this  volume  contains  the  detailed  descriptions  by  each 
geologist  of  the  area  surveyed  by  himself,  it  has  been  largely 
written  and  edited  by  Mr.  Walcot  Gibson,  who  personally  carried 
oat  the  greater  part  of  the  field-work.  In  the  Palseontological 
portion,  the  Survey  fortunately  obtained  the  assistance  of  Mr.  John 
Ward,  of  Longton,  whose  knowledge  of  the  district  extends  over 
nearly  fifty  years.  Mr.  Ward  has  now  contributed  copious  lists 
of  fossils,  together  with  a  palasontologioal  statement  in  reference 
to  them,  the  result  of  his  long-continued  researches  in  the  North 
Stafford  Coalfields.  In  the  preparation  of  these  lists  Mr.  Ward  has 
been  greatly  indebted  to  Dr.  R.  H.  Traquair,  F.R.S.,  and  Dr.  A. 
Smith  Woodward,  F.R.S.,  for  recording  the  Fossil  Fishes  ;  to  Mr.  R. 
Eidston,  F.R.S.,  for  the  Plants ;  and  to  Dr.  Wheelton  Hind  for 
cataloguing  the  Lamellibranchs,  and  in  the  preparation  of  the  lists 
of  Invertebrata  generally.  Mr.  J.  T.  Stobbs  and  many  other  local 
geologists  have  given  much  assistance  to  the  re-survey  of  the  Coal- 
measures,  and  added  greatly  to  the  value  of  the  present  memoir. 

Four  of  the  plates,  accompanying  the  lists  of  fossils,  illustrate 
the  Fitihes  of  the  Staffordshire  Coaltield,  and  two  are  devoted  to  the 
Lamellibranchia  described  by  Dr.  Wheelton  Hind  in  the  Palasonto- 
graphical  Society's  volumes. 

In  the  account  of  the  Carl)oniferous  rooks  it  has  been  found 
advisable  to  adopt  purely  descriptive  terras  for  the  various  sub- 
divisions. Though,  as  is  well  known,  the  vertical  distribution  of 
both  plants  and  fishes  points  to  a  twofold  division  of  the  Carboniferous 
rocks,  the  exact  position  and  nature  of  the  boundary-line  has  not 
yet  been  determined  for  North  Staffordshire.  For  the  old  term 
•  Yoredale  Beds '  the  term  *  Pendleside  Series,'  introduced  by 
Dr.  Wheelton  Hind  and  Mr.  J.  Allen  Howe,  seems  preferable, 
since  it  only  implies  a  correlation  with  similar  beds  occupying 
the  same  stratigraphical   position   on    Pendle  Hill  in  Lancashire. 

*  Reviewed  in  Geol.  Mao.  for  1903,  pp.  41\,  \1^. 
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For  similar  reasons  the  terms  Upper,  Middle,  and  Lower  Goal* 
measures  have  not  been  adopted ;  sinoe  the  positions  of  tfa^ 
palsdontological  boundary  lines  or  zones,  which  may  give  a  definite 
significance  to  the  terms,  bave  not  been  determined  with  aoonraoy. 

It  is  evident,  as  pointed  out  by  Jukes  long  ago,  that  as  regaxdi 
the  higher  portions  of  the  Ooal-measures,  North  StaffordBhiie 
presents  the  type-development  for  the  Midlands.  In  that  region 
Mr.  Gibson  has  established  a  definite  stratigraphioal  sequence  in 
the  comparatively  barren  strata  which  conformably  overlie  the  pro- 
ductive Coal-measures,  and  he  has  also  proved  that  the  same  seqaenos 
may  be  recognised  in  the  other  coalfields  of  the  Midland  area. 

The  points  of  special  economic  interest  are  given  in  a  separate 
chapter,  considerable  attention  being  paid  to  the  future  development 
of  the  coalfield. 

The  portion  of  the  memoir  descriptive  of  the  Cheadle  Coalfield  is 
largely  a  reprint  from  a  separately  published  memoir  on  this  small 
coalfield  by  Mr.  G.  Barrow.^  Since  the  publication  of  that  memoir 
the  prediction  there  made  that  the  Dilborne  Coal  underlay  the 
Delphouse  area  has  been  verified  by  actual  sinking. 

The  formations  and  groups  of  rock  in  North  Staffordshire  are 
arranged  in  the  following  descending  order  of  sequence,  the  sedi- 
mentary and  igneous  rooks  being  kept  distinct : — 

TABLE  OF  FORMATIONS. 
Sedimentary. 
Pleistocene   {  Recent  and  Post-Glacial...    Alluvium,  peat,  and  river  gravelB. 

AND  Recent.  (  Glacial Clays,  sands,  gravels,  and  erratic  blocks. 

Trias  (  Keuper Marl,  soft  flags,  and  building-stones. 

^  •"  I  Bunter     Sandstones  and  conglomerates. 

/^Red  sandstones  and  marls  (Reele  group). 
Grey  sandstones  and  marls  (Newcastle- 
imder-Lvme  group). 

The  Red  and  Grey  Scries  \  ^"J^!^'f  ''^^  «"-'*''  ^^  <^*™^  "^' 

Grey  shales  and  marls,  thin  coals,  and 

bands  of  Blackband  ironstone  (Black- 

^     band  group). 

mi      f^  u-  r  n    1    ( Grey  shales,    sandstones,    and    marls. 

The  Grey  or  chief  Coal-        ^l^^^  numerous  seams  of  coal  and  clay 

beanngSenes  |     ironstones  in  upper  portion. 

Millstone  Grit    Grits  and  shale. 

Pendleside  Series  ...     Grits,  crowstones,  and  shales. 

n    \     -e         T  •      1         ( Massive  limestone,  with  shale  and  thin 

Carboniferous  Limestone    |     beds  of  limestone  at  top. 

Igneou. 

A.  Interstratified,  or  contemporaneous  ^^ith  the  formation  among  which  they  lie. 

Tulls  and  agglomerates  in  the  upper  ])art  of  the  Carboniferous  Limestone. 

B.  Intrusive  or  subsequent  in  date  to  the  formations  among  which  they  lie. 

Basalt  and  dolerite  in  dykes  traversing  the  Carboniferous  and  Triassic  formations. 

The  district  occupied  by  the  coalfields  of  North  Staffordshire  is 
situated  at  the  south-western  termination  of  the  Pennine  Chain — so 
well  known  as  forming  the  hackbone  of  England.  This  elevated  tract, 
though  consisting  in  the  main  of  one  great  anticlinal  uplift,  of  which 
the  core  is  composed  of  the  pericliual  Carboniferous  Limestone  massif 

^  ^ee  lootuole  ante. 
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^  the  Derbyshire  Hills,  and  off  which  newer  Carboniforons  rocks 
^utinue  to  succeed  each  other,  antil  on  its  eastern  flanks  in 
^Tbjshire  and  on  its  western  flanks  in  Staffordshire  the  Coal- 
measures  of  the  respective  coalfields  crop  out,  is  in  reality  made 
np  of  several  lesser  antidinals  consisting  in  modem  technical 
^AQgoage  of  an  '  anticlinorium.'  It  is  within  the  troughs  between 
these  saddles  that  the  Coal-measures  constituting  the  Cheadle, 
ShaffiJong,  and  Pottery  Coalfields,  and  the  smaller  basin  of  Ooldsitch 
Moss  have  been  preserved.  Moreover,  the  shape  of  the  fold  has 
^termined  that  of  Uie  coalfields.  Thus  the  Cheadle  Coalfield  is 
somewhat  oval  in  shape ;  that  of  Shaffalong  long  and  narrow ; 
*^hile  the  Pottery  Coalfield  is  of  a  triangular  form,  owing  to  the 
old  contracting  rapidly  in  the  north  and  widening  out  in  the  south. 
^o  this  basin  there  succeeds  on  the  west  side  of  the  coalfield 
^  oonspicuous  anticline  composed  of  Coal-measures  in  the  south  and 
^^  Lower  Carboniferous  rocks  in  the  northern  part  of  the  district. 

The  area,  especially  the  Pottery  Coalfield,  has  been  further 
implicated  by  numerous  dislocations,  frequently  of  very  great 
^egnitude,  which,  it  will  be  observed,  do  not  affect  the  overlying 
-l^iiassic  rocks  to  anything  like  the  same  extent.  These  disturbances 
^nsist,  on  the  east  side  of  the  Pottery  Coalfield,  of  a  belt  of  highly 
^olined  strata,  bordering  the  coalfield,  and  ending  at  Hulme  in 
^  series  of  fractures  which  depress  the  Coal-measures  over  200  yards 
to  the  east;  in  the  central  portion  of  the  coalfield  the  Apedale  Fault, 
Which  at  one  spot  attains  the  magnitude  of  over  600  yards,  plays 
a  still  more  important  part  in  the  coal-mining  industry  of  the 
district  by  introducing  a  broad  belt  of  barren  measures  beneath 
which  coed-seams  lie  at  considerable  depths ;  while  on  the  western 
side  a  fault  of  even  greater  magnitude  extends  along  the  whole 
length  of  the  district,  and  for  the  present  forms  the  limit  of  all  coal 
workings  in  this  direction. 

Between  the  closing  of  the  Carboniferous  and  the  opening  of  the 
next  geological  epoch — the  Trias — a  vast  interval  of  time  elapsed,  of 
which  the  extent  will  be  realised  when  it  is  stated  that  the  major 
part  of  the  folding  and  faulting  took  place  before  the  newer 
formation  was  laid  down.  In  addition,  huge  masses  of  Carboniferous 
strata  were  removed ;  and  it  is  on  the  denuded  edges  of  these 
frequently  highly  inclined  rocks,  or  in  the  deep  hollows  worn  into 
them,  that  the  Bed  Bocks  of  the  Trias  resting  indiscriminately  on 
the  older  formation  were  almost  horizontally  deposited.  Such  is  the 
disposition  of  the  Bed  Bocks  on  the  eastern  and  southern  margins  of 
Pottery  Coalfield ;  but  on  the  west  the  junction  of  the  two  systems  is, 
for  the  most  part,  a  clearly  defined  line  determined  by  the  fault 
previously  mentioned.  Space  precludes  our  giving  a  longer  notice, 
but  we  cannot  pass  by  this  memoir  without  expressing  our  pleasure 
at  the  progress  of  the  work  of  the  Survey  in  the  last  decade,  and  the 
great  improvement  which  has  taken  place  in  the  style  of  the  later 
pnblications,  and  especially  in  the  quality  of  the  plates  and  illus- 
trations which  accompany  the  text  in  the  present  excellent  memoir, 
the  price  of  which  is  fixed  at  six  shillings. 
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GaoLOOioAK  SooiBTT  or  LOIIDOV. 

April  19th,  1905.— Honoe  B.  Woodward*  F.&&,  ^oo-Ptoridant,  h 
the  Chair.    The  following  oommnnioationa  were  read : — 

1.  "  The  Blea  Wyke  Beds  and  the  DcMser  in  Norili-Batt  Tork- 
ahire."    By  Bobert  Heron  Baatall,  B.A.,  fTQiL 

The  author  deaoribea  the  type-aeotion  at  Blea  Wjke  in  detail, 
•dividing  the  rooka  into  the  following  diWaiona^  enamavafted  ii 
•detcending  order : — 

fl.  ia. 

5.  Doffgfiv         •••  •••        •••        •••        •••        •••  11  6 

4.  YeOow  Bads...  ...       ...        ...       •••       ...  M  0 

8.  S^rpwtk  BoQB  ...        •••        ...        ...        ...  10  6 

2.  Lingula  Bedf  aa  0 

1.  8triatulu9  Shales. 

Deaoriptiona  and  foaail  liata  from  theae  diviaiona  are  given,  and 
then  the  aoooesaion  ia  oompared  with  that  ihown  at  Peak  Alnm 
Works,  Saltwick  and  Whitbyi  Sandsend  and  Kettleneaa,  BooUj 
<i\\%  Falling  Foss  and  Littlebeok,  Eakdaleaide  and  GroanMnt^ 
Olaisdale,  and  along  the  north- weatem  eaoarpnient  of  the  Cleveland 
Hills.  A  oomplete  series  from  the  liaa  to  the  Lower  Batoaiina 
Series  is  seen  only  at  Blea  Wyke ;  at  other  aeotiona  the  tnuuitiai 
from  Alum  Shale  to  Dogger  ia  abrupt,  and  the  eharaoteristio  passage 
beds  are  absent.  In  all  these  sections  there  are  aigna  of  onooo- 
formity,  and  in  most  oases  there  is  a  well-marked  pebble-bed  of 
peculiar  character.  In  many  localities  the  upper  snrfaoe  of  the  Lias 
is  worn  into  distinct  hollows,  in  which  lenticular  masses  of  aandatone 
have  been  deposited.  Probably  shallow-water  conditions  and  ationg 
currents  prevailed  over  a  wide  area.  This  was  most  likely  brought 
about  by  a  slow  elevation  which  was  more  prominent  in  the  northern 
part  of  the  area.  aH  though  the  Peak  Fault  were  partly  of  pre-Oolitio 
date.  This  fault  probably  formed  -a  submarine  clifi^  and  iu  the  atiU 
waters  at  its  foot  the  Blea  Wyke  passage-beds  were  formed.  North 
of  the  fault  erosion  was  active,  planing  down  the  Liaa  to  a  more 
or  less  level  surface,  with  occasional  deep  hollows  due  to  strong 
currents.  Eventually  the  upward  movement  ceased,  and  the  hollow 
below  the  fault  was  filled  up«  so  that  the  Dogger  waa  laid  down  aa 
a  continuous  bed  over  the  whole  area.  The  uplifb  to  the  north  vras 
probably  much  greater ;  consequently  the  whole  of  the  Upper  Lias 
was  renioveri,  and  the  Middle  Lias  reached  and  denuded.  Pebblea 
derived  from  the  Middle  Liassic  Ironstone  occur  in  the  basement 
conglomerate  of  the  Wainstones,  according  to  Prof.  P.  F.  Kendall. 

2.  '*  Notes  on  the  Geological  Aspect  of  some  of  the  North-Eaatem 
Territories  of  the  Congo  Free  State."  By  Gaston  F£lix  Joaeph 
Preumont.  (Communicated  by  John  Allen  Howe,  B.Sa,  F.G.S.) 
With  Petrological  Notes  by  J.  Allen  Howe,  B.So,,  F.G.S. 

This  paper  is  a  brief  sketch  of  the  geological  structure  of  the 
northern  part  of  the  Congo  State,  from  Buta  on  the  River  Bubi  and 
BimA  on  the  Uelle  iu  tbe  west,  lo  liadio  «ci^  \^w.^U  on  the  Nile. 
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In  the  whole  of  this  region,  the  only  post-Primary  rocks  met 
^th,  other  than  those  of  comparatively  modem  alluvial  origin,  were- 
ohooolate-oolonred  shales  (Bota  Shales)  and  sandstone,  and  an  oolitic 
limestone,  on  the  extreme  west. 

From  the  Lipodongu  Falls  on  the  Rubi,  and  thence  through  Poko^ 
to  Kungu,  on  the  Bomokandi  River,  none  but  granitic  rocks  (gneisses) 
were  observed.  Along  the  ITelle,  from  Bima  to  Bomokandi,  the  same- 
rocks  were  seen. 

In  the  centre  of  the  region  mica-schists,  quartzites,  and  similar 
metamorphic  rocks  replace  the  granite  whqlly  or  in  part.  A  notice- 
able feature  here  is  the  presence  of  a  range  of  isolated  hills,  com- 
posed almost  completely  of  great  beds  of  magnetite  and  hsdmatite- 
occurring  in  the  schistose  series. 

In  the  south-eastern  portion  of  the  region  visited,  between  the* 
Uelle-Eimbali  and  Bomokandi  Bivers,  a  great  plutonic  massif  is  laid 
bare  in  the  mountainous  district  of  Arebi. 

From  the  presence  of  iron -ore  and  schists  at  Mount  Tena  on  the 
south- west  and  analogous  rocks  at  Mount  Gaima  on  the  north-west 
side  of  the  massif,  and  from  the  isot  that  the  dip  is  in  each  case 
strongly  away  from  the  intervening  country,  it  is  suggested  that 
these  rocks  have  been  uplifted  and  tilted  by  the  plutonic  complex,. 
and  that  the  beds  of  Mount  Tena  and  Mount  OaYma  are  identical 
in  age. 

The  plutonic  massif  itself  contains  mioroclinio  gneiss  and 
abundant  diabasic  rocks,  and  the  same  rooks  in  all  stages  of 
dynamo-metamorphism. 

On  the  boundary  between  the  Congo  State  and  the  Bahr-el-Ohazel, 
several  hills  made  up  of  rocks  of  coarse  gneissose  and  schistose 
character  are  described  ;  some  of  these  rooks  are  rich  in  tourmaline, 
kyanite,  and  garnet  in  large  crystals. 

From  the  region  of  the  Enclave  de  Lado  and  the  western  side  of 
the  Nile  between  Lado  and  Dufile,  mica-schists,  quartzites,  and 
miorocline-gneisses  are  described. 

The  alluvium  of  a  large  part  of  the  Uelle  is  covered,  on  the 
higher  ground,  by  a  deposit  of  limonitic  conglomerate;  in  places 
this  may  be  due  to  the  decomposition  in  sM  of  the  alluvium,  but 
in  the  neighbourhood  of  the  iron  mountains  a  sort  of  passage  may 
be  seen  between  a  conglomerate  of  fresh  iron-ores  and  the  more 
general  type  of  limonitic  conglomerate  (laterite?). 


THE  DISCOVERY  OF  THE  SOUTH-EASTERN   COALFIELD. 

Sib, — In  the  last  edition  of  "The  Coalfields  of  Great  Britain" 
Professor  Hull  gives  an  account  of  the  discovery  of  the  above 
coalfield  which  cannot,  in  the  interests  of  fairness  and  truth,  be 
allowed  to  pass  current  without  correction. 

"  The  credit,"  he  writes  (p.  282),  *' of  experimentally  demonstrating 
the  existence  of  coal-seams  below  the  Chalk  is  dv\e  lo  ^t.  ¥x^\i<(^\% 
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Brady,  Engineer  of  the  Ohannel  Tnniiel,  under  the  advice  of 
Professor  Boyd  Dawkins,  F.B.S.,  and  an  experimental  boring  was 
oommenoed  in  a  position  at  the  foot  of  Shakespear'a  Cliffy  near 
Dover,  in  1896-6." 

It  would  be  diffioalt  to  compress  more  errors  into  one  sentence 
than  are  in  the  above  quotation.  The  only  statement  which  is  true 
relates  to  the  place  of  the  boring.  The  credit  of  experimentally 
proving  the  existence  of  the  coalfield  is  not  due  to  Hr.  Franoia 
Brady,  but  to  Sir  Edward  Watkin,  Chairman  both  of  the  Sooth- 
Eastern  Bailway  and  of  the  Channel  Tunnel  Company,  who  acted 
under  my  advice,  and  sent  on  to  me  all  reports  connected  with  the 
boring.  Mr.  Brady  was  simply  engineer  in  charge  of  the  borehole, 
and  acted  under  Sir  Edward  Watkin's  instructions,  I  never  had 
occasion  to  advise  Mr.  Brady.  Nor  was  the  boring  "  commenced  in 
1895-6."  It  was  begun  in  1886,  and  from  that  time  down  to  the 
discovery  of  the  Coal-measures  in  1890,  the  work  of  identifying  the 
specimens  and  fixing  the  horizons  of  the  strata  penetrated-— or,  in 
other  words,  all  the  geology — fell  to  me.  The  last  of  a  long  series 
of  reports  to  Sir  Edward  Watkin  is  dated  July  8th,  1891. 

All  this  is  ancient  history.  The  progress  of  the  boring  was 
recorded  by  me,  from  time  to  time,  in  the  Reports  of  the  British 
Association  (1887,  1890,  1899),  and  in  the  publications  of  the 
Hoyal  Institution  (June  6th,  1890)  and  of  the  Manchester  G^ 
logical  Society  (1890-3-4:-7).  They  also  were  communicated  to 
the  public  at  large  in  The  Contemporary  Beview  (April,  1890),  in 
Nature  (March  6th,  1890),  The  Colliery  Guardian,  and  The  Iron  and 
Coal  Trade  Review.  Nor  is  the  attribution  of  the  credit  to  the 
wrong  man  new.  An  attempt  was  exposed  as  far  back  as  1897, 
after  a  full  debate  before  the  Manchester  Geological  Society,  in 
which  Sir  Edward  Watkin's  claim  was  amply  vindicated.  Still 
later  the  history  of  the  discovery  was  dealt  with  in  my  statement  on 
the  Buried  Coalfields  of  Southern  England,  prepared  at  the  request 
of  the  Royal  Commission  of  Coal  Supplies  in  1903  (Final  Report, 
pt.  X,  p.  28). 

It   is   not,  therefore,  from  lack  of  sources  of  information  that 

Professor  Hull  has  written  the  above  paragraph  in  a  work  which 

professes  to  give  the  last  word  on  British  coalfields.      I  write  this 

in  justice  to  the  memory  of  an  old  friend,  who  proved  the  truth  of 

God  win- Austen's  theory  by  practical  experiment,  the  first  of  a  series 

which  is  likely  to  yield,  in  the  future  in  Kent,  important  economic 

results,  similar  to  those  brought  about  in  the  past  by  simUar  borings 

in  Northern  France  and  Belgium.  W.  Boyd  Dawkins. 

Manchester. 

Mai/  5th,  1905.  

MOUNTAIN  -  BUILDING, 

Sir, — The  theory  that  mountainous  areas  have  been  produced  by 

lateral  thrust  crushing  and  compressing  large  areas  of  country  is, 

I  think,  now  generally  accepted  ;  for  it  has  been  proved  that  such 

•zziounfainous  regions  as  have  been  carefully  surveyed  are  found  to 
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^^"^e  the  strata  bent  and  folded  in  such  a  manner  as  to  cover  a  much 

^^aller  area  of  country  than  that  upon  which  they  must  have  been 

^^pOBited.     It  has  not,  however,  yet  been  conclusively  demonstrated 

^^w  such   thrust  is  produced.      The  hypothesis  that  cooling  and 

^li^uent  contraction  is  a  sufficient  cause  has  been  shown  to  be 

^titenable ;  the  amount  of  compression  such  a  contraction  is  capable 

"^f  producing  being  quite  insufi&oient  to  cause  the  amount  of  rock- 

molding  required  to  produce  our  great  mountain  ranges. 

As  far  as  I  am  aware,  no  other  theory  based   upon   a  possible 

^^uotion  in  the  diameter  of  the  earth  has  been  advanced  which 

^«ems   satis&otory.     In   default  of  such   an   explanation  I  would 

Suggest  that  we  assume  that  over  large  areas  of  the  earth's  surface 

^Lere  is  an  actual  expansion  of  the  crust,  such  expansion  compressing 

^be  weaker  portions  into  the  folds  forming  mountain  ranges. 

A  probable  cause  of  such  an  expansion  of  the  crust  I  should  like 

t;o  draw  attention  to.     It  may,  perhaps,  have  been  suggested  before, 

bat  if  so  I  do  not  remember  to  have  seen  it 

As  profound  changes  in  the  physical  features  of  the  earth's  surface 

liave  been  produced  by  apparently  insignificant  agencies,  we  must  be 

prepared  to  find  that  some  agency  which  at  first  sight  seems  quite 

inadequate  is  really  the  one  which  is  producing  the  results. 

A  simple  experiment  will  illustrate  the  theory  I  wish  to  suggest 

for   consideration.    If  a  strip  of  thin  sheet  lead   have  two  lines 

drawn  across  it  near  the  ends,  and  it  be  rolled  up  into  a  coil  about 

6ne  inch  diameter,  and  then  flattened  out  again,  the  bending  will  be 

found  to  have  lengthened  it  about  0*2  per  cent,  and  each  time  the 

operation  is  performed  further  lengthening  will  be  produced.     If 

continued  flexure  is  capable  of  expanding  slips  or  sheets  of  lead  and 

many  other  materials,  it  may  be  argued  that  the  earth's  crust  may 

undergo  extension   under  the   slight  flexures  the   sun   and   moon 

produce.     Under  such  flexure  it  is  conceivable  that  vertical  joints 

might  have  mineral  matter  thrown  down  in  them,  as  they  partially 

opened  and  closed,   and   mineral  veins  of  various  kinds  be  thus 

formed.     Or  when  the  pressure  at  any  point  is  relieved  by  flexure, 

matter  previously  in  solution  might  be  thrown  down  and  not  be 

vedissolved  when  the  pressure  again  came  on. 

It  would  be  interesting  to  consider  the   relationship  mountain 

ranges  bear  to  the  great  plains  where  it  is  conceivable  expansion 

Is  taking  place  and  to  the  positions  of  maximum  distortion  the  sun 

and  moon  could  produce.     Some  connection  there  certainly  appears 

to  be  between  the  positions  of  mountain  ranges,  the  great  plains,  and 

the  direction  of  the  axis  of  the  earth. 

As  the  moon  always  presents  the  same  face  towards  us,  unless  the 

sun  would  be  a  sufficient  cause,  there  should  be  no  great  mountain 

ranges  similar  to  those  on  the  earth.     Indeed,   on  the  moon  the 

surface  features  are  apparently  produced  by  volcanic  eruptions  and 

-ejections  of  rock  or  dust  into  a  very  attenuated  atmosphere. 

R.  M.  Deeley. 
MsLBoraxs  House,  Osmaston  Road, 
Dbbbt. 
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Gbologicai.  Subtkt  or  Exoasd. 

Mr  E.  T.  Newton,  F.R.a,  F.G^  of  the  Jennjn  Straet  ¥i 
retired  from  the  oiBoe  of  '  PaUsootologist*  to  the  Gecdogpoil  Saner 
oo  Hey  4tb,  oarryiDg  with  him  the  legrei  and  cetecm  of  a  la^jt 
Domher  of  fiieDdt  and  oolleagnea  with  whom  he  haa  aerrad  far 
fortj  yean. 

Dr.  F.  L.  Kitchin,  HA.,  F.O.&,  aaaiatant  palnrntdogiit  in  die 
Mnaenm,  baa  been  appointed  to  aocoeed  him. 

Gkological  Surtkt  or  Ibklaxiil 

The  Gbological  Surykt  or  Gbkat  Bsitaci  amd  Irklod.— 
The  Irish  Branch  of  the  Greological  Snirey  haa  been  timnsfemd 
to  tbe  Department  of  Agricnitare  and  Teohnioal  Inatmction  for 
Ireland,  and  placed  nnder  tbe  immediate  direction  of  Prafeaor 
O.  A.  J.  Cole. 

Tbe  Geological  Sarrey  in  Ireland  waa  begun  at  aboat  aa  eailj 
a  date  as  that  in  England.     Indeed,  at  tbe  oommenoement  of  tb^ 
Trigonometrical  Survey,  Colonel  Colby  ezpreaaed  hia  opini(m  tbat 
tbe  work   "sboold    be    considered    a    foundation    for  Statiatiod, 
Antiquarian,    and    Geological   Surveys.*'     About    the    year  18SS 
Captain  (afterwards  General)  J.  E.  Portlock  undertook  the  formatioa 
of  a  geological  department,  and  in  1837,  by  Colonel  Colby's  desire, 
he   formed   at   Belfast  "a  museum   for  geological  and  zoologicil 
specimens,  and  a  laboratory  for  the  examination  of  soils. **     From 
that  date   the  Geological  Survey  became  an  organized  branch  of 
tlie  Trigonometrical  Survey  under  the  Master-General  and  Board 
of  Ordnance.     In  1840  the  Belfast  Museum  was  broken  up,  and 
everything  connected  with  the  geological  department  was  moved  to 
Dublin.*     About  four  years  later  the  Geological  Surveys  were  placed 
under  the  Oflfice  of  Woods  and  Forests,  and  Sir  H.  T.  De  la  Bedie 
then   became   Director- General   of  the    Geological  Survey   of  the 
United  Kingdom.     The  first  Local  Director  for  Ireland  was  Captain 
(afterwards  Colonel  Sir  Henry)  James ;  he  was  shortly  suooeeded 
by  Dr.  Thomas  Oldham,  who  held  office  until  1850,  when  Professor 
J.  B.  JukcH*  and  after  him  Professor  E.  Hull  filled  the  post  of 
Director.     Meanwhile  in  1854  the  Geological  Survey  was  transferred 
to  the  Science  and  Art  Department,  which  in  recent  years  has  been 
merged  in  the  Board  of  Education. 

*  Preface  to  Portlock's  Report  on  the  Geology  of  Londonderry,  etc.,  1843. 

*  See  Address  by  Jukes,  **  On  Her  Majesty's  6eolog:ical  Survoy,"  deliTered  at 
the  Museum  of  Irish  Industry,  1866;  8vo;  Dublin,  1867. 
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I. — Notes  on  British  Dinosaubs.    Pabt  HI :  Stbeptospondylus, 

By  Dr.  Fkanois  Babon  Nopcsa. 
(PLATE  XV.) 

AFTEB  having  studied  a  bipedal  and  a  quadrupedal  Orthopodous 
Dinosaur   I    thought  it   desirable  to  turn   my  attention  to 
a  Upedal  representative  of  the  Saurischian  order.^ 

lliongh  8trept09pondylu8  is  by  no  means  an  exolusively  British 
Dinosaur,  sinoe  the  type-speoimen  is  preserved  in  the  Jardin  des 
Plantes  in  Paris,  and  was  desoribed  under  the  names  Strepto- 
tpoudylui  and  Megdloaaurua  by  Cuvier  and  Oaudry,  still,  the  only 
other  specimen  known,  and  by  far  the  best,  is  in  Mr.  J.  Parker's 

rrivate  oollection  at  Oxford.  It  is  to  Mr.  Parker's  kindness  that 
owe  the  possibility  of  studying  and  drawing  what  may  be  oalled 
one  of  the  most  complete  Theropods  ever  found,  while  in  the  Paris 
Collection  Slrepioapondylus  is  only  represented  by  several  vertebras, 
a  fragment  of  the  femur,  and  the  distal  part  of  the  tibia  with  the 
corresponding  astragalus.  Mr.  Parker's  specimen  includes  the  skull, 
most  of  the  cervical,  dorsal,  sacral,  and  some  of  the  caudal  vertebrae, 
the  scapulo-coracoid,  parts  of  both  humeri,  the  ilium,  ischium,  parts 
of  the  pubis,  both  femora,  tibiao,  and  fibulao,  some  tarsal  and  all  the 
metatarsal  bones,  and  several  phalanges. 

^  The  quite  exceptional  eoonomic  rdU  of  Dinosaurs  during  the  greater  part  of  the 
Meeozoic  era  justines,  I  believe,  the  quite  exceptional  term  *  subclass  Dinosauria.' 
The  term  Opisthocoelia,  as  recently  and  persistenuy  used  by  some  American  authors,  is 
decidedly  a  misnomer,  for  besides  being  absolutely  misleading— since  opisthocoelian 
Tertebrs  occur  among  Sauropoda,  Theropoda,  and  Orthopoda — it  was  originally  not 
flfren  used  for  a  defiuM  group  of  Dinosaurs,  but  for  what  might  be  called  a  potpourri 
of  Dinoeaurian  and  Crocodiuan  reptiles.  If  one  wants  to  emphasize  the  fact  that 
Theropoda  and  Sauropoda  form  a  unit  in  consequence  of  their  showing  greater 
affinitieB  to  each  other  than  to  the  Orthopoda,  of.  Hulke's  paper  on  Dyttrophaus 
the  term  Saorisohia,  as  clearly  definea  by  Professor  Seel^,  is  applicable  to 
these  reptiles.  I  denre  to  protest  most  energetically  against  the  use  of  the  term 
'  OpisthocoDlia.' 
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Since  a  detailed  description  of  Sbreftiospondiflus  ia  far  beyond  the 
scope  of  this  paper,  I  intend  to  publiah  such  a  deaoription  in  the 
Beitrdge  zu  Geologie  und  Palaeantologie  (Vienna),  and  here,  in 
aooordanoe  with  my  previous  Notes  on  British  Dinoaaais,  only  the 
most  salient  points  will  be  mentioned.  First  of  all,  it  has  to  be 
remarked  that  Mr.  Parker's  fossil  indicates  a  much  smaller  and,  ai 
the  structare  of  the  sacram  shows,  a  more  immature  individaal  tbia 
that  in  the  Paris  Maseum. 

The  ahfiU,  which  is  altogether  missing  in  the  Paris  specimen,  Ib 
nearly  complete  in  the  Oxford  individual,  but  in  oonsequenoe  of 
being  imperfectly  freed  from  the  matrix  I  oould  only  identify 
maxUlary,  pr»maxillary,  dentary,  basis  cranii,  and  qnadratam.  The 
greatest  possible  disproportion  is  to  be  remarked  between  the  facial 
and  the  cerebral  region.  The  huge  jaws  are  built  after  the  Megala- 
sauriu  pattern,  and  the  same  is  {Jso  true  vrith  regard  to  the  long, 
compressed,  trenchant,  and  serrated  teeth.  There  exist  two,  perhaps 
even  three,  anteorbital  apertures,  as  in  Oreosaurus  and  Megalosaumtt 
while  in  Ceratoaaurus  there  is  only  one.  The  quadratum  is  relatively 
short  and  points  to  the  existence  of  a  Otfotatmct-like  quadrato- 
squamosal  arch.  The  short  basis  cranii  shows  a  strong  transverse 
expansion  of  the  brain  in  the  region  of  the  vagus  nerve.  The 
brain-cavity  was  a  good  deal  larger  than  the  neural  oanal  in  the 
sacral  region,  and  its  large  size^  is  easily  explained  by  the  com- 
paratively high  intelligence  that  Sireptospondyltis  must  have  possessed 
as  an  agile  carnivorous  reptile.  Tubera  basi-oocipitalia  seem  to  be 
wanting.  The  diameter  of  the  ball-like  occipital  condyle  cannot 
have  exceeded  2*5  cm. 

Vertebra.  The  foremost  cervical  vertebrae  are  remarkable  for 
their  small  size,  the  centra  being  only  4  cm.  long  and  2*5  cm.  high, 
while  the  posterior  cervicals  attain  60  and  3'0  cm.,  and  some  dorsals 
even  8  and  4*5  cm.  The  neural  spines  are  but  feebly  developed ;  the 
arch  shows,  much  like  the  primitive  Sauropoda,  a  complex  system 
of  diapophysial,  oblique,  praezygapophysial,  postzygapophysial,  and 
horizontal  laminae,  and  differs  in  consequence  from  all  the  other  known 
Theropods.  The  centra  of  the  cervical  vertebrae  are  unlike  those  of 
CeratosauruSj  Creosaurm,  and  the  Triassic  Theropods,  strongly  convex 
in  front,  deeply  concave  behind,  and  show  large  pleurocentral  fossae. 

In  the  dorsal  vertebrae  the  antero-posteriorly  blade-like  neural 
spines  are  better  developed  than  in  the  cervicals,  the  arch  is 
again  supported  by  different  laminae,  and  the  centra  pass  from  a 
convexo-concave  to  a  plano-concave  and  further  on  to  a  nearly 
biconcave  stage.  As  we  pass  backward  along  the  dorsal  region  the 
pleurocentral  cavities  become  gradually  less  pronounced,  so  that  in 
the  posterior  dorsals  they  are  altogether  wanting.  The  centra  of 
the  sacral  vertebrae,  though  united  in  the  Paris  specimen,  are  free 
in  the  Streptospondylua  in  Mr.  Parker's  collection  and  show  here 
saddle-shaped  intersacral  articulations. 

^  I  am  fully  aware  this  expression  seems  a  euphemism  when  one  thinks  of  modern 
reptiles,  but  it  is  not  so  when  one  thinks  of  sucn  vegetable-feeders  as  Stego$aurt44  or 
Triccrufoj)^. 


Dr.  lyancis  Baron  Nopcsa — British  Dinosaurs,         291 

The  number  of  the  sacral  vertebrsd  seems  in  Streptospondyltis  to 
lave  been  augmenting  during  lifetime  from  3  to  4,  perhaps  even 
3  5  or  more.*  In  general  the  sacrum  shows  a  great  resemblance  to 
bat  of  HegalosauruB,  whereas  in  consequence  of  the  development 
f  different  laminsd  in  the  dorsal  vertebrsB — a  feature  absent  in 
fegaloiaurus — these  parts  as  well  as  the  cervical  region  are  totally 
ifferent  in  these  two  reptiles. 

The  biconcave  and  hourglass-shaped,  transversely  cylindrical 
&ndal  vertebrsd  in  Streptospondylus  are  likewise  different  from  the 
imilarly  biconcave  and  constricted  but  transversely  wedge-shaped 
andals  of  Poikilopleuron}  As  in  the  oaudals  of  most  Dinosaurs, 
be  posterior  facet  for  the  chevron  bone  is  much  more  marked  than 
be  anterior,  which  in  this  case  is  nearly  altogether  wanting. 

The  rod-like  chevrons  are  both  distally  and  proximally  united ;  they 
re  less  compressed  and  comparatively  shorter  than  in  Iguanodon^ 
nd  they  are  supposed  not  to  hlave  extended  so  far  backwards. 

Seaptdo-eoraeoids,  Even  in  the  immature  Oxford  specimen  the 
oapula  and  the  coracoid  are  firmly  united.  The  blade-like  scapula  is 
omewhat  concave  on  the  inner  side  and  in  consequence  somewhat 
on  vex  on  the  outer,  and  is  much  more  slender  than  in  Megalosaurus^ 
bowing  in  its  upper  half  that  the  borders  are  parallel.  Inferiorly 
t  expands  rapidly  towards  the  margin  of  the  coracoid.  It  forms, 
rith  the  semicircular  coracoid,  a  very  shallow  glenoidal  fossa  of 
eotangular  outline.  There  is  no  scapular  crest  or  acromion-like 
process ;  these  are  altogether  wanting. 

Sumerus.  As  in  all  Tberopoda,  the  humerus  is  very  weak,  but 
lerfectly  distinct  from  the  same  much  more  massive  bone  in 
HegaloBaurxu,  or  the  more  slender  but  still  powerful  humerus  in 
^oikilopleuron.  The  different  development  of  the  radial  crest  in  each 
ase  affords  a  good  characteristic. 

Pelvis.  The  imperfect  ilium  shows  in  general,  as  pointed  out  by 
'hilips,  some  resemblance  to  Megalosaurus;  the  proximally  expanded, 
listally  rod-like  ischium  seems,  however,  to  be  somewhat  different 
ilie  pubis  shows  no  obturator  foramen. 

Posterior  limb.  The  femur  is  somewhat  longer  than  the  tibia. 
The  head  of  the  femur  shows  quite  a  distinct  neck,  the 
rochanter  major  is  weaker  than  in  Allosaurtis  and  situated  lower 
ban  the  head,  the  well-developed  fourth  trochanter,  situated  at  the 
beginning  of  the  upper  third  of  the  femur,  shows  the  trochanter  en 
riie  pattern.  The  shaft  of  the  femur  is  somewhat  curved  and 
learly  cylindrical  in  section. 

Comparing  the  outline  of  the  fourth  trochanter  of  Streptospondylus 
r  Allosaurxis  with  the  figure  given  by  Hulke  for  Zanelodon  or  the 
atline  visible  in  Euskelesaurus  (in  the  Vienna  femur),  and  then  the 

*  It  is  quite  a  common  thing  to  find  in  the  synsacrum  of  the  Upper  Cretaceous 
dinosaurs  ^10  vertebne,  lumbosacrals,  sacraLs,  and  caudosacrals  tirmly  united, 
lesides  Claosaurus  and  Triceratops  this  is  also  the  case  in  the  sacra  of  two  not  yet 
sflcribed  Transylvanian  Dinosaurs. 

'  Careful  original  studies  have  convinced  me  that  the  type-specimens  of  Foikilo- 
!^9tron  and  the  Stonesfield  Megalotaurut  {M.  Bucklandi)  are  perfotiU^  di&\^<^\.. 
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same  part  in  the  Senonian  MegdUmaunu  Bredai,  one  remarks  that  the 
same  sort  of  change  and  diminution  as  I  pointed  ont  among  the 
Omithopodidsd  oan  also  be  traced  among  the  Theropoda,  in  oonaequenoe 
of  which  I  feel  unable  to  aooept  Hulke'a  statement  tiiat  in  the 
Theropoda  the  iroehafUer  en  eriU  represents  a  more  primitive  ^ype 
than  the  pendant  trochanter. 

Distally  the  femoral  ectooondyle  of  Streptowpand^luM  ahowa  a 
smaller  posterior  projection,  much  like  that  in  MegaioBawmg, 
AlloiauruB,  and  the  bird  Apierf/x,  while  in  ^fuanodtm  and  some  birds 
(for  example,  Oygnua)  this  part  is  construoted  after  another  faahion. 
The  distal  end  of  the  strong  tibia  is  one  of  the  few  fragments  of  limb 
bones  preserred  in  the  Paris  specimen,  but  this,  I  regret  to  say,  has 
been  described  and  figured  as  MegdloBauruit  and  only  the  complete 
tibiaa  of  Mr.  Parker's  specimen  show  that  the  fragment  in  reality 
belongs  to  Streptospondylua,  from  which  it  has  been  separated  for 
nearly  a  hundred  years. 

As  the  proportion  of  femur  and  tibia  among  Dinosaurs  seems  to  be 
of  the  greatest  interest,  since  it  appears  that  among  all  Dinosaurs 
there  exists  a  tendency  to  elongate  the  femur,  a  list  of  ten  Dinosaurs 
is  here  given  in  which  the  proportion  of  femur  to  tibia  is  expressed 
according  to  the  formula  -i-femur  :  tibia  «  »  :  1. 


Obxus. 

Bipbhal. 

Quadrupedal. 

Theropoda. 

Orthopoda. 

Sauropoda. 

Orthopoda. 

Ornithomimus 

Nauosaurus 

HallopHs         

Anchimimts    ... 

Trachodon        

Mcf^alosaurus 

Cetiosaurus 
Seflidosaunu  ... 

Apatosaums 

Ste^^osauHLs     

0-58  :  1 

0-87  :  1 
1-02  :  1 

1-27  :  1 

0-84  :  1 
M7  :  1 

1-32  :  1 
1-62  :  1 

1-33  :   1 
1-8  :   I 

(Italics  indicate  Triassic  or  primitive  forms.) 

A  more  complete  list,  containing  24  genera,  will  be  given  in  my 
later  paper  on  Streptospondylua. 

The  proximally  expanded  fibula  of  Strepiospondylus  is  conspicuous 
on  account  of  its  slender  character,  especially  when  compared  with 
the  robust  form  of  the  associated  tibia.  In  consequence  of  this  dis- 
proportion it  seems  much  more  slender  than  in  either  Oeosatirtu, 
AUosaurus,  or  the  Triassio  forms.  It  does  not  show  any  trace  of 
distal  expansion. 

In  the  asiragalm,  which  is  applied  firmly  to,  but  not  united  with, 
the  calcaneum,  a  well-developed  ascending  process  is  always  present, 
but  never  reaches  so  high  as  in  Foihilopleuron,  As  in  the  latter 
animal   it  is  applied  against  a  projection  of  the  tibia.     I  wish 
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to  refer  to  a  former  paper  ^  for  the  phylogenetio  valae  of  the 
ascending  proeess.  In  opposition  to  what  is  known  of  Allo$auni§ 
and  Megalo$awru8,  there  are  in  8treptatp<mdffl%u  in  eaoh  foot  foar 
well-developed  metatarsal  hones,  eaoh  hearing  well-developed  toes 
anued  with  olaws.    The  olaws  show  the  oamiTorons  pattern. 

With  the  superior  orest  of  the  ilium  Mr.  Parker's  near!  j  complete 
Streptoipondylua  stood  ahout  4  ft  9  in.  from  the  ground,  and  the 
Paris  specimen  may  have  heen  6  feet  in  height ;  the  total  length  of 
these  two  animals  was  prohahly  20  and  27  feet.  Megalosaunu,  we 
may  assume,  may  have  attained  a  maximum  length  of  30  feet 

Plate  XV  aooompanying  this  notice  gives  a  reoonstruction  of 
Strepto$pcndylu$  as  based  on  the  study  of  Mr.  J.  Parker's  fossil, 
and  Miss  A.  B.  Woodward  has  had  the  great  kindness  to  make 
this  drawing  according  to  my  directions.  The  large  skull,  the 
feeble  but  flexible  neck,  the  weak  anterior  and  powerful  posterior 
limbs  are  well  shown. 

The  principal  differences  of  8irepto$pimdjfl%u  and  other  Theropoda 
have  already  been  pointed  out  in  different  parts  of  this  paper ;  here 
I  wish  only  to  refer  once  more  to  the  Sauropod-like  build  of  the 
vertebral  column.  That  the  Sauropoda  descended  from  bipedal 
Saurischia  I  intend  to  discuss  upon  some  other  occasion.  The 
specific  name  of  the  only  kind  of  Streptoipondylua  known  till  now  is 
Strept.  Cttvieri  (H.  v.  Meyer) ;  the  horizons  at  which  the  genus 
occurs  are  the  Oallovian  in  France  and  the  Oxford  Olay  at  Oxford  in 
England. 

EXPLANATION  OF  PLATE  XV. 

Keconstruction  of  Strepio»p<mdylus  (the  shaded  parts  indicate  the  hones  that  are 

actually  known). 


II. — An  Account  of  some  Marine  Fossils  contained  in  Lime- 
stone Nodules  found  on  the  Mekran  Beach,  off  the 
Ormaea  Headland,  Baluchistan. 

By  R.  BuLLBN  Nbwton,  F.G.S. 
(PLATES  XVI  AND  XVII.) 

THROUGH  the  kindness  of  Miss  Caroline  Birley,  of  Kensington, 
I  have  been  privileged  to  examine  a  ooUeotion  of  fossil  marine 
shells  and  other  organisms  in  her  possession,  whioh  ooour  in  drab- 
coloured,  gritty,  and  siliceous  limestone  nodules  picked  up  on  the 
he€U)h  off  the  Ormara  Headland,  facing  the  Mekran  or  Baluchistan 
coast,  130  miles  west  of  Karachi,  by  Mr.  F.  W.  Townsend,  chief 
executive  officer  of  the  Submarine  Telegraph  Service  in  the  North 
Indian  Ocean. 

So  far  as  the  present  specimens  demonstrate,  the  nodules  vary 
in  size  from  two  to  about  four  inches  in  diameter,  many  of  them 
being  as  round  as  a  ball  with  perfectly  even  surfaces,  to  which  are 

'  Nopcsa,  "Synopsis  und  Ahstammang  der  Dinosaurier " :  Foldtani  Kozl5ny, 
Budapest,  1901. 
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sometimes  attached  parasitio  forms  of  modem  marine  life,  each  as 
Hippothoa,  eto.  When  split  open  with  a  hammer  these  nodules  are 
invariably  found  to  enclose  a  fossil  of  some  kind,  and  most  frequently 
a  shell.  The  condition  of  the  fossil  is  nearly  always  that  of 
a  natural  cast  exhibiting  internal  structures,  whilst  external  features 
are  often  preserved  in  the  concavity  of  the  counterpart  of  the  nodule, 
thus  making  it  possible  to  obtain  a  fairly  good  restoration  of  the 
original  shell  by  pressing  into  it  some  artists'  wax  or  gutta  percha. 

A  similar  plan  for  obtaining  structures  was  successfully  adopted 
by  Professor  Bay  Lankester  when  studying  the  marine  shells  and 
other  organic  remains  found  as  casts  in  the  celebrated  sandstone 
nodules  of  the  Suffolk  Orag,  known  as  the  '  Box-Stones '  (Quart. 
Joum.  Geol.  Soc,  1870,  vol.  xxvi,  p.  499).  And  here  it  may  be 
interesting  to  remark  that  the  Suffolk  '  Box-Stones '  of  all  the 
fossiliferous  nodules  found  in  the  different  formations  are  perhaps 
the  most  convenient  for  comparison  with  those  from  the  Mekran 
Coast,  since  they  are  most  likely  to  be  of  an  approximate  geological 
age.  They  may  be  collected  on  the  beach  at  Felixstow,  after  being 
washed  out  of  the  surrounding  cliffs,  where  they  occur  in  Bitii,  or 
they  may  be  obtained  from  the  '  Coprolite-diggings '  of  the  same 
neighbourhood.  Fossils  are  much  more  rarely  found  in  them  than 
in  the  Mekran  material,  and  many  a  nodule  may  be  cracked  open 
before  an  organism  is  discovered ;  the  following  genera  have,  how- 
ever, been  recognized  :  Isocardia,  Gardt to,  Glycymeria  ( =  Pedun- 
cuius)  J  ConuSy  Cassidaria,  FyrvXa,  TurriteUa,  Voluia,  Mastodon,  etc. 

Among  the  shell-remains  of  the  Mekran  nodules  are  Cardiunij 
Dosinia,  Macira,  Area,  Dolium,  Tugurium,  Neptunea,  and  Lampusia  ; 
the  genera  Cardium  and  Tugurium  being  of  the  most  frequent 
occurrence.  Besides  these  shells  there  is  a  Polyzoan  encrusting 
the  spire  of  Neptunea  belonging  to  the  genus  Memhranipora,  which 
Mr.  H.  W.  Burrows  has  kindly  described  for  this  paper.  The 
Crustacea,  represented  by  a  crab's  carapace  and  a  species  of  Balanus, 
both  of  which  are  described  by  Dr.  H.  Woodward,  F.B.S. ;  but  no 
Echinoderms,  Bracbiopods,  or  Cephalopods  were  observed. 

A  very  modern  facies  characterizes  such  a  fauna  as  is  here 
enumerated,  the  various  genera  being  nearly  all  found  in  adjacent 
seas  at  the  present  day ;  the  fauna  also  seems  to  indicate  shore  or 
shallow-water  conditions  of  existence.  But  there  are  certain  specific 
differences  to  be  noted  in  this  assemblage,  which  appear  to  suggest 
a  relationship  with  Mio-Pliocene  forms  of  the  Mediterranean  area 
and  actual  Indian  Oceanic  species.  Moreover,  Mr.  Edgar  Smith,  of 
the  British  Museum  (Nat.  Hist.),  and  Mr.  Cosmo  Melvill,  after  an 
examination  of  this  collection,  are  of  opinion  that  the  species  are  not 
represented  in  modern  seas,  although  showing  generic  affinities 
with  living  mollusca. 

With  regard  to  the  origin  of  the  Mekran  nodules,  Mr.  Townsend, 
the  collector,  seems  to  think  that  masses  of  the  upper  strata  of  the 
Ormara  Headland  break  away  from  time  to  time,  and  so  falling  upon 
the  beach  become  rolled  and  worn  by  the  action  of  the  sea ;  but  it 
is  much  more  probable  that  the  nodules  occur  somewhere  in  the  cliff 
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%n  iiiik,  and  like  the  '  Box-Stones '  of  Felixstow  reaoh  the  sea  beach 
<tf  roanded  ball-like  bodies  without  the  intervention  of  subsequent 
marine  agencies.  The  present  collection  comprises  more  than  eighty 
examples  of  these  nodules,  and  I  am  given  to  understand  that  they 
are  to  be  met  with  in  large  numbers  on  the  Mekran  Coast,  yet, 
notwithstanding  their  apparent  common  occurrence,  there  seem  to 
be  no  published  observations  upon  the  subject.  Among  the  few 
writers  who  have  investigated  the  rocks  of  the  Mekran  Coast, 
Br.  W.  T.  Blanford's'  name  stands  first  He  regarded  these  cliff 
deposits  as  of  post-Nammulitic  age,  and  named  them  the  '  Mekran 
Group,'  describing  as  well  their  more  or  less  flat-topped  character 
and  nearly  horizontal  bedding,  as  observed  at  Ras  Malan,  which  is 
2,000  feet  high,  Ormara,  and  Gwadar.  In  remarking  upon  the 
constitution  of  these  beds  he  states  that  '*The  prevailing  rock 
along  the  Makran  Coast  is  a  pale  grey  clay,  more  or  less  indurated, 
occasionally  intersected  by  veins  of  gypsum,  usually  sandy  and 
often  calcareous,  occurring  in  beds  of  great  thickness.  With  this 
clay  are  interstratified  bands  of  shelly  limestone,  calcareous  grit, 
and  sandstone,  but  these  usually  form  but  a  small  portion  of  the 
mass,  although  their  greater  hardness  makes  them  conspicuous  at 
the  surface."  An  abundant  marine  fauna  is  said  to  characterize  the 
various  beds  of  the  Mekran  group  with  such  genera  as  0$trea, 
Peden,  Area,  Cardium,  Lucina,  Cerithium,  Turrilella,  and  Natica ; 
besides  Echinodermata,  Corals,  and  Foraminifera  (Operculina),  but 
without  Brachiopods  or  Cephalopoda.  Dr.  Blanford  further  states 
that  "  the  general  facies  of  the  Mekran  fauna  is  utterly  different 
from  that  of  the  Lower  Tertiaries  ;  the  commonest  and  most 
characteristic  fossils  of  the  Nummulitics  are  Foraminifera,  especially 
Nwnmulitea  and  Alveolina ;  the  most  abundant  shells  in  the  Mekran 
Group  are  barnacles,  oysters,  and  scallops.  No  junction  of  the 
two  series  has  hitherto  been  observed,  but  it  may  be  safely  asserted 
that  the  Mekran  Group  is  newer  than  the  Nummulitics,  for  while 
the  fauna  of  the  latter  appears  to  be  nearly  or  entirely  extinct, 
at  all  events  in  the  shallow  seas  near  the  coast,  several  of  the 
Mekran  fossils  appear  identical  with  the  species  found  living,  in 
water  of  moderate  depth,  along  the  shores  of  Baluchistan  and  the 
Persian  Gulf." 

Capt.  A.  W.  Stiffe,'  who  next  visited  the  Mekran  Coast,  found  the 
calcareous  deposits  to  be  almost  entirely  composed  of  marine  organic 
remains,  in  parts  distinct  and  perfect,  forming  a  shelly  breccia  and 
passing  into  a  more  or  less  compact  limestone.  His  fossils  were 
submitted  to  Mr.  Etheridge,  who  reported  as  follows : — *'  The  shells 
appear  to  me  to  be  of  Miocene  age,  although  all  are  mere  casts,  and 
therefore  it  is  very  unsafe  to  pronounce  definitely  as  to  their  age. 
I  cannot  determine  them  to  belong  to  the  modern  species  of  the 
Persian  Gulf.  The  cast  of  Conus,  Cypraa,  and  Ostrea  are  certainly 
not   those   of   existing  species  ;    and   the  mass  of  shelly  breccia 

*  Records  of  the  Geological  Siin-ey  of  India,  1872,  vol.  v,  pp.  41-45. 

*  Quart.  Joum.  Geol.  Soc.,  1874,  vol.  xxx,  pp.  50-53,  with  sketch-map  of 
Mekran  Coast. 
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containing  Dentalium,  Cardita,  Aitarte,  Venua,  Troehu$,  Area,  and 
Tdlina  I  believe  to  be  of  more  modem  date,  if  not  reoent" 

In  his  classical  work  on  ''Eastern  Persia"  Dr.  Blanford^  again 
referred  to  the  Mekran  deposits  as  belonging  to  a  "late  Tertiary 
formation/'  inserting  a  list  of  determinations  by  Mr.  Etheridge  of 
a  collection  of  fossils  found  by  Dr.  Day  at  Gwadar,  which  were 
considered  as  exhibiting  ''a  very  late  fades,  and  may  even  be 
Pleistocene."  This  included  Dolium  sp.,  Natiea  Lamarekiana  or 
a  closely  allied  form,  Cerithium  toruloaum,  Turritella  sp.,  Fi$9wr^la  sp., 
JotMnettiay  Tellina  edentula,  Venm  sp.  near  plieata  and  rii^osa,  Cyiherea 
sp.  near  lyrata,  Astarte  (?)  sp.  allied  to  Oirce  eorrugata,  Dij^odonta 
sp.,  Cardium,  two  sp.,  one  near  0.  papyraeeum,  Chama  sp.  near 
C  isostoma.  Area,  four  or  five  species,  one  of  which  is  A.  {Para- 
llelopipedum)  iortuoia,  the  others  allied  to  various  reo^it  forms, 
Pectunctdus,  two  species,  one  allied  to  P.  peetiniformis,  the  other  to 
P.  lividus,  Pecten  somewhat  resembling  P.  pyxidatw,  Oairea  sp., 
Temnopleurue,  two  sp.,  Eupaammia  sp.  (coral),  Maandrina  sp., 
Opereulina  sp. 

A  further  allusion  is  made  to  the  Mekran  Qroup  in  Medlioott  & 
Blanford's  work  on  India,'  with  the  remark  that  it  **  appears  to  be 
of  later  age  than  the  Miocene  Qaj  Beds  " ;  and,  again,  on  the  evidence 
of  the  Echinoidea  {Temnopleurua  simplex,  Duncan  &  Sladen,  eta) 
found  in  these  deposits  Dr.  P.  M.  Duncan  and  Mr.  W.  P.  Sladen' 
came  to  the  conclusion  that  the  beds  were  younger  than  the  Gky 
Series  (=»  Miocene)  of  India,  and  consequently  might  be  regarded  as 
Pliocene.  In  Mr.  K.  D.  Oldham's  edition  of  Medlioott  &  Blanford's 
"Manual,"  1893,  p.  316,  it  is  stated  that  "The  Mekran  Group 
is  of  shallow- water  marine  origin  and  abounds  in  Mollusca, 
Echinoderms,  etc.,  many  of  the  species  being  apparently  the  same  as 
living  forms.  The  Echinoderms  alone  have  as  yet  been  examined 
in  detail ;  they  belong,  without  exception,  to  living  genera,  while 
most  of  the  species  are  very  closely  allied  to  recent  forms,  and  one 
species  alone  is  doubtfully  identical  with  a  Gaj  form.  The  general 
facies  of  the  fauna  is  distinctly  Pliocene."  Lastly,  Capt.  Stiffe,  in 
exhibiting  "  a  fossil  Cardium  (?)  "  before  the  Geological  Society 
in  January,  1899,  which  had  been  found  at  the  foot  of  the  Cliffs  of 
Ormara,  stated  that  "  the  fossils  in  the  clay  are  difficult  to  find,  and 
probably  are  generally  enclosed  in  nodules  of  the  clay  somewhat 
altered,  as  in  this  specimen."  (Abstracts  Proc.  Geol.  Soc.  London, 
1899,  No.  701,  pp.  31,  32. 

With  the  exception  of  the  extracts  just  quoted,  and  which  deal 
exclusively  with  the  fauna  of  the  *  Mekran  Group,'  there  are  no 
monographs  on  the  invertebrate  fossils  of  the  Tertiary  formations 
of  India  which  render  much  assistance  in  the  determination  of  tbe 
specimens  from  the  Mekran  nodules.     It  may  be  as  well,  however, 

»  "Eastern  Persia,"  1876,  vol.  ii,  pp.  462-465. 

*  **  A  Manual  of  the  Geology  of  India,"  1879,  vol.  ii,  pp.  470,  471. 

'  **The  Fossil  Echinoidea  from  the  Mekran  Series  fPliocene)  of  the  Coast  of 
Biluchistan  and  of  the  Persian  Gulf  "  :  Mem.  Geol.  Surv.  India,  Pal.  Indica,  1886, 
pp.  369-382,  pis,  Ivi-lviii. 
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refer  briefly  to  the  remainiDg  literature  which  treats  of  the 
*ertiary  inyertebrates  of  other  parts  of  India. 
One  of  the  earliest  papers  is  that  by  Jamee  de  Carle  Sowerby,' 
ho  determined  Oapt.  Qranfs  Tertiary  oolleotions  from  Outoh  as 
l>elonging  to  Nummulitio  and  later  Tertiary  horizons  ;  this  was 
Auooeeded  in  1853  by  D'Archiao  &  Haime's  memoir'  on  the 
^Nummulitio  fossils  of  India,  which  unfortunately  is  not  a  reliable 
"^^ork,  since  Secondary  and  Tertiary  specimens  are  mixed  up  together 
-^nd  regarded  as  ooming  from  the  same  series  of  beds. 

Then  followed  Stoliczka's*  work  on  the  Tertiary  Crabs  of  Sind 
«^nd  Outch;  Duncan's^  on  the  Fossil  Corals  of  Sind;  the  Tertiary 
^Ekshinoids  of  Western  Sind  being  monographed  by  Duncan  a 
Sladen'  between  1882  and  1886;  lastly,  we  have  the  very 
important  treatise  on  the  Miocene  Fauna  of  Burma  written  by 
I^r.  Fritz  Noetling,*  containing  a  large  number  of  plates  illus- 
trative of  the  fossils  (chiefly  Mollusca)  of  that  region,  accompanied 
^Dy  a  voluminous  text. 

In   describing  this  fauna  Dr.   Noetling  was  able  to  trace,  in 
^  general  way,  its  correlation  with  the  Miocene  of  Java  and  the 
^iooene  (Grajian)  of  Western  India.     He  believed  also  that  the 
present  Indian  Ocean  fauna  was  directly  derived  from  the  Miocene 
faunas  of  India,  Burma,  Sumatra,  and  Java.     Until  more  is  known 
of  the  Tertiary  Mollusca  of  Western  India  and  its  connection  with 
the  shells  now  living  in  the  surrounding  seas  it  would  be  premature 
to  definitely  state  the   age  of  the  Mekran  nodules,  although  we 
may  assume,  provisionally,  that  they  are   Pliocene  and  probably 
synchronous    with     the    beds    of    the    '  Mekran    Group,*    which 
Dr.  Blanford  first  recognized  as  younger  than  either  the  Eocene 
or  the  Miocene  periods.     In  support  of  this  horizon  we  have  the 
undoubted  presence  of  a  northern  genus,  Neptunea,  associated  with 
forms  that  belong  to  a  tornd  or  warmer  sea,  an  exactly  similar 
phenomenon  being  known  in  the  Pliocene  beds  of  Europe,  and  that 
without  any  apparent  disturbance  of  the  deposits  containing  them. 
Further,  in  comparing  this  limited  fauna  of  the  Mekran  nodules 
with  either  the  Burmese  Miocene  fossils  described  by  F.  Noetling, 
or  the  specimens  monographed  by  Dr.  E.  Martin  from  the  Upper 
Tertiary  beds  of  Java,  there  is  insufficient  evidence  to  prove  a  simi- 
larity in  facies  so  as  to  suggest  its  correlation  with  the  faunas  of 
those  two  sets  of  deposits. 

It  would  have  been  interesting  to  have  compared  the  fossils  of 
the  present  collection  with  the  original  specimens  of  the  so-called 

*  Appendix   to    Capt.    Grant's   **  Memoir    to    illustrate  a  Geological  Map  of 
Cutch  *^;  Trans.  Geol.  Soc.  London,  1840,  ser.  ii,  vol.  v,  pp.  289-329,  pis.  xxiv-xxvi. 

*  **  Description  des  Animaux  Fossilcs  du  Group  Nummulitique  de  1  Inde,*'  1853- 
1854,  2  Tols.,  plates  and  text. 

3  **  Observations  on  Fossil  Crabs  from  Tertiary  Deposits  in  Sind  and  Kutch"  : 
Mem.  Soc.  Geol.  India,  Pal.  Indica,  1871,  pp.  16,  pis.  v. 

*  "  Sind  Fossil  Corals  and  Alcyonaria  *' :  ibid.,  1880,  pp.  110,  pis.  xxviii. 

*  "Tertiary  Echinoidea  of  Western  Sind  "  :  ibid.,  1882-1886,  text  and  plates. 

*  "Fauna  of  the  Miocene  Beds  of  Burma":   ibid.,  new  series,   1901,  vol.  i, 
pp.  378,  pis.  XXY. 
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*  Mekran  Qroup,'  referred  to  in  the  foregoing  literatare,  but» 
unfortunately,  I  have  not  been  able  to  trace  them  either  in  the 
Museum  of  the  Geological  Society  or  in  the  British  Museum,  and 
I  can  only  conclude  that  they  may  possibly  be  among  the  Indian 
Survey  collections  at  Calcutta. 

As  it  seems  fairly  apparent  that  no  previous  writers  haye  called 
attention  to  the  occurrence  of  these  fossiliferous  nodules,  it  is  to  be 
hoped  that  the  present  communication  may  be  of  sufficient  interest 
to  induce  the  authorities  of  the  Indian  Geological  Survey  to  re- 
examine the  rocks  of  the  Mekran  coast,  with  the  view  of  discovering 
'the  exact  position  of  the  bed  whence  the  nodules  were  derived,  so 
that  its  relationship  to  the  other  deposits  of  the  Mekran  Group  could 
be  properly  established. 

DESCRIPTION  OF  THE  SHELLS. 
Lamellibranohia. 

Arca  Blanfobdi,  n.sp.     (PL  XVI,  Fig.  6.) 

Shell  subquadrate,  ventricose,  arched,  with  an  angulate,  truncated, 
deep  posterior  side,  the  anterior  area  being  rounded  and  oblique; 
umboiies  subceutral,  rounded,  strongly  incurved ;  surface  radiately 
ribbed  and  suloated ;  ribs  about  27,  with  depressed  summits,  angu- 
lated  margins  ;  surface  transversely  striated. 

Dimensions. — Of  moderate-sized  right  valve :  umbono- ventral,  45 ; 
antero-posterior,  45  ;  diameter  of  valve,  20  mm. 

In  its  contour  and  general  radiate  appearance  this  species  resembles 
Arca  rhomhea  of  Boru,  found  off  Ceylon  and  the  Chinese  seas,  and 
which  also  occurs  in  the  raised  beach  deposits  of  Karachi,  IndisL  It 
differs,  however,  in  the  valves  being  more  rounded  and  arched, 
besides  showing  an  absence  of  nodulous  ornamentation  on  the  rihs, 
which  is  especially  developed  on  the  anterior  half  of  A.  rhomhea. 
The  specimen  figured  is  taken  from  a  wax  squeeze  of  a  fairly  well- 
preserved  right  valve  found  in  one  of  the  nodules,  showing  the  more 
elevated  region  partially  covered  with  costsd,  the  ventral  area  being 
stripped  of  the  shell,  thus  exhibiting  an  impression  of  the  extremely 
fine  and  close  longitudinal  strise  which  adorn  the  internal  surface  of 
the  valve,  and  which  extend  to  within  a  short  distance  of  the  margin. 

This  shell  is  named  in  honour  of  Dr.  W.  T.  Blanford,  C.I.E., 
F.R.S.,  a  former  Director  of  the  Geological  Survey  of  India,  and  one 
of  the  earliest  writers  on  the  geology  of  the  Mekran  Coast 

Examples. — Only  three  or  four  specimens  in  the  collection. 

Mactra  mekranensis,  n.sp.     (PI.  XVI,  Figs.  6,  7.) 

Shell  subtriangularly  ovate,  cordiform,  moderately  convex,  obtusely 
angulate  posteriorly  ;  umbones  nearly  central ;  sculpture  consisting. 
of  narrow,  depressed,  smooth,  concentric  banding  of  equal  width, 
each  band  separated  by  an  extremely  narrow  sulcation. 

Dimensions. — Right  valve :  umbono- ventral,  40;  antero-posterior, 
47;  diameter,  10  mm. 

The  specimen  referred  to  this  form  is  represented  by  a  right  valve, 
being  mainly  an  internal  cast,  yet  retaining  a  small  patch  of  original 
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shell  stmoture  on  the  postero-ventral  region,  which  well  illustrates 
the  smooth,  narrow-handed  character  of  the  soolptare.  I  have  net 
been  suocessfol  in  discovering  a  shell  which  is  suitable  for  com- 
parison with  this  species,  either  among  modern  or  fossil  forms,  it» 
chief  characters  having  reference  to  the  triangularly  oval  shape  and 
the  regular  concentric  banding  which  ornaments  the  valve. 
Example, — One  specimen  only  in  the  collection. 

Cabdium  Melvilu,  n.sp.     (PL  XVI,  Figs.  1-4.) 

Shell  globose,  nearly  equilateral,  radiately  costated  ;  costsd  about 
37,  depressed,  angulated  at  the  sides,  separated  by  narrow,  deep 
interspaces  about  one-half  the  width  of  the  ribs  (as  seen  near  the 
ventral  margin)  ;  umbones  rounded,  incurved,  suboentral. 

Largest.  Smallest. 

Dimensions. — Urn  bono- ventral         48       ...       35  mm. 

Antero-posterior         48       ...       35   „ 

Diameter  (closed  valves)     •••       38       ...       28   „ 

This  is  one  of  the  most  abundant  shells  found  in  the  Mekran 
nodules,  though  always  occurring  as  internal  casts.  Some  original 
costal  structure  still  remains  on  the  ventral  area  of  the  larger 
specimen  selected  for  illustration,  showing  that  the  ribs  have  rather 
wide  flattened  summits  covered  with  delicately  vaulted  surface 
lineations,  angulated  sides,  and  divided  by  narrow  suioations  which 
are  closely  and  conoavely  striated  within.  In  its  well-arched  ami 
globular  form  and  the  great  number  of  its  ribs  this  species  resembles 
C.  asiaticum  of  Brugui^re  and  C.  multispinoBum  of  Heeve,  both  living 
Pacific  shells,  though  differing  in  the  structural  details  of  the  costtje. 
In  C.  aaiaticum  the  costsB  are  more  elevated  and  narrower,  besides 
being  sharply  lamelliform  on  the  posterior  region  of  the  valves ; 
and  instead  of  lineations  the  surface  exhibits  a  minutely  granulate 
structure.  The  ribs  in  C.  multispinosum  are  more  rounded,  besides 
being  numerously  spined  with  small  projections.  I  know  of  no 
Miocene  or  Pliocene  shell  which  suggests  affinities  with  this  species. 

The  species  is  named  after  Mr.  J.  Cosmo  Melvill,  M.A.,  F.L.S.,  who 
is  one  of  our  principal  authorities  on  the  modern  conchology  of  the 
Persian  Gulf. 

Examples. — Numerously  represented  in  the  collection. 

DosiNiA  sp.     (PI.  XVI,  Figs.  8-10.) 

lliis  shell  is  represented  by  a  fractured  left  valve  which  exhibits 
both  internal  and  external  characters,  the  former  including  parts  of 
the  anterior  and  posterior  surfaces,  with  complete  margins,  and 
giving  good  views  of  the  adductor  scar  markings ;  through  the 
broken  surface  of  the  centre  of  the  valve  the  typical  couceutric 
lineations  of  this  genus  are  well  exposed.  The  other  half  of  the 
nodule  contains  a  natural  cast  of  the  valve  showing  impressions 
of  the  muscular  markings  and  the  pallial  line  with  its  conspicuously 
lanceolate,  triangular  sinus. 

It  is  not  possible  to  say  more  in  connection  with  the  specimen 
than  that  it  somewhat  resembles  the  European  species  D.  exoleta, 
^hich  is  similarly  orbicular,  besides  agreeing  in  geuetaV  ^v\£i^\i^vyck%\ 
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in  sculptare  oharaoters,  however,  the  Mekran  q^edmen  may  potseu 
more  regular  striations. 

DimemionB, — Left  valve;  umbono-ventral,  50;  antero-poaterior, 
50;  diameter,  10  mm. 

Examples, — There  is  only  one  specimen  in  the  oollection. 

Oastropoda. 

Neptunba  Burbowsi,  n.sp.     (PL  XVII,  Figs.  5-7.) 

Shell  turreted  and  fusiform,  with  a  trioarinate  body-whorl,  which 
terminates  anteriorly  in  a  narrow  straight  oanaL  Upper  surface 
of  whorls  oblique,  slightly  excavated,  and  furnished  with  rounded 
bicarinate  margins ;  lower  surface  of  whorls  narrow,  vertioal,  ex- 
cavated, and  unicarinate;  shell  structure  closely,  minutely,  and 
spirally  funiculate. 

Dimensions, — Height,  37 ;  diameter,  23  mm. 

The  test  of  this  specimen  is  encircled  throughout  with  regular 
narrow  cord-like  costellsd,  separated  by  microscopically  narrow 
sulcations,  and  crossed  by  fine  and  slightly  curved  striations  of 
growth.  There  are  ten  costellsd  on  the  oblique  sutural  region  of 
the  body-whorl,  and  six  on  the  vertical  surfiEioe  of  the  penultimate 
whorl,  these  being  margined  above  and  below  by  a  double  row  of 
more  prominent  ones,  whilst  the  upper  oblique  region  of  the  same 
whorl  bears  about  eight  costellsB.  No  varices  or  longitudinal  costs 
are  present  such  as  cliaraoterize  the  shells  of  the  MuricidsB.  There 
is  no  doubt  that  the  Mekran  shell  bears  a  strong  resemblance  to 
some  of  the  carinate  forms  of  Neptunea  which  Searles  Wood  long 
ago  described  from  the  English  Crag  deposits  as  varieties  of  Trophon 
antiqimm,  Linnaeus  (see  Men.  Pal.  Soc,  1848,  pi.  v,  figs,  la,  16),  and 
which  show  a  very  similar  funiculate  shell-stinicture,  i.e.,  var. 
jugosum.  Moreover,  the  occurrence  of  Neptunea  itself,  which  is  more 
characteristic  of  boreal  than  warmer  climates,  in  association  with 
genera  that  belong  essentially  to  warmer  seas  as  are  found  in  the 
Pliocene  formations  of  Europe,  would  tend  to  prove  that  the 
Mekran  nodules  are  of  Pliocene  age. 

The  specimen  shows  both  cast  and  shell  structure,  the  left  of  the 
spire  being  partially  enveloped  by  a  parasitic  Pol^zoan  belonging 
to  the  genus  Memhranipora.  The  protoconch  is  unfortunately  not 
preserved.  1  have  named  this  interesting  specimen  after  my  friend 
Mr.  H.  W.  Burrows,  F.G.S.,  who  for  many  years  has  studied  the 
Crag  fauna,  and  who  is  good  enough  on  the  present  occasion  to 
confirm  my  generic  determination  of  this  shell. 

Examples. — One  specimen  only  in  the  collection. 

Lampubia  cf.  AFFiNis,  Deshaycs.     (PI.  XVII,  Fig.  4.) 

Triton  ajfinis^  De.shayes :  *'  Expedition  Scientifique  de  Morde,  1833,  vol.  iii  (Zoologie), 

p.  188,  pi.  xxii,  figs.  23,  24. 
Triton  corrwjatumy  Homes:    Foss.  Moll.  Tertiacr-Beckens  Wien,   1852,  p.  205f 

pi.  XX,  tigs.  1-4  ;  non  Lamarck. 

There  are  several  natural  casts  of  this  shell,  all  giving  dorsal 
views  and  appearing  to  he  related  to  Triton  affinis  of  Deshayei, 
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:#rom  the  Upper  Tertiaries  of  Greece,  Italy,  France,  and  Germany*. 
Strong  spiraJ  oostse  ornament  the  body-wborl,  and  a  series  of  distant 
siodular  tubercles  surroand  the  obtusely  carinate  margin,  with 
evidence  of  a  second  obtuse  tuberded  margin  below.  The  shell 
shows  also  the  varixed  labrum  with  a  corresponding  varix  on  the 
^)ther  side  extending  up  the  penultimate  whorl.  Except  for  their 
^^rant  of  sharpness  the  Mekran  casts  resemble  fairly  closely  those 
xamples    from   the  Vienna  Basin   Miocene    deposits  figured   by 

omes  under  the  name  of  T.  cormgatum. 

DimenBtons, — Height,  50 ;  diameter,  33  mm. 

Examples. — There  are  five  very  good  specimens  of  this  shell. 

TuouBiTJM  Mekbanbnse,  n.sp.     (PI.  XVII,  Figs.  8-10.) 

Shell  oonioal ;  whorls  five  or  six,  flattened,  ornamented  with 
^xiamerous  closely  set,  oblique,  elevated,  and  rounded  riblets,  crossed 
l>y  a  series  of  equidistant,  oblique,  rather  swollen  growth  ridges  ^ 
future  distinct,  and  bearing  agglutinations ;  base  umbilicated,  slightly 
^DODcave,  and  furnished  with  a  reticulate  spiral  sculpture. 

Dimensions, — Height,  30 ;  diameter,  50  mm. 

This  is  one  of  the  most  abundant  shells  of  the  Mekran  nodules. 
!In  sculpture  it  is  very  similar  to  Xenophora  erispa  of  Konig,  a  species 
found  in  the  Italian  Pliocene,  and  which  exists  in  the  Mediterranean 
«t  the  present  day,  although  in  that  species  the  oblique  striations  of 
the  upper  surface  of  the  whorls  are  coarser,  more  crenulated  in 
etructure,  and  considerably  less  regular  in  arrangement. 

Again,  T.  mekranense  is  in  no  way  related  to  X.  infundihulum  of 
Brocchi,  also  from  the  Pliocene  of  Italy,  whioh  is  of  larger  size, 
imperforate,  much  excavated  at  the  base  and  without  basal  reticulate 
sculpture ;  the  upper  surface  of  the  whorls  is  also  much  more 
coarsely  ornamented.  On  account  of  the  umbilioation  and  the  fact 
that  agglutinations  take  place  at  the  suture  this  form  is  recognized 
under  Fischer's  name  of  Tugurium. 

Examples, — Very  numerously  represented. 

DOLIUM  TOWNSBNDI,  u.sp.      (PI.  XVII,  Fig.  1.) 

Shell  thin,  ovally  globular,  ventricose ;  volutions  about  five, 
penultimate  and  earlier  whorls  compressed,  and  showing  obtuse 
median  angulation,  suture  sunken,  spire  moderately  elevated  ;  body- 
whorl  prominently  sculptured  with  15  or  16  rounded,  ridge-like, 
spiral  costsB  of  more  regular  occurrence  below  than  above,  and 
divided  by  depressed  interspaces  of  variable  widths  which  are 
sometimes  faintly  ridged  in  the  centre ;  the  postero-central  rib  is 
thicker  and  more  important  than  the  others. 

Dimensions, — Height,  ^B ;  diameter,  47  mm. 

The  somewhat  irregularly  disposed  costre  of  this  shell  seem  to 
separate  it  from  other  species.  Beneath  the  rounded  sutural  margin 
of  the  body- whorl  occurs  a  fairly  wide  excavated  space  followed  by 
three  prominent  costaa  and  a  fourth  obscure  one,  all  of  which  are 
separated  by  narrow  interspaces;  then  follows  the  postero-central 
rib,  which  is  stronger  and  thicker  than  the  others.  After  the 
postero-central  rib  occurs  a  similar  width  of  inteTSY>^(ift  «j&  \^  Iq>wxA 
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above,  then  Buooeed  five  roanded  ribs  extremely  close  together  with 
very  narrow  interstioes,  these  being  suooeeded  by  a  series  of  five 
or  six  more  prominent  and  more  widely  separated  ribs  whioh  are 
nearly  equidistant  from  each  other. 

This  species  is  represented  by  only  one  shell,  showin^i^  external 
dorsal  characters.  The  vacant  spaoe  on  the  body-whorl  indicates 
a  considerable  absence  of  shell  structure,  although  the  sonlpture 
details  are  well  preserved  in  the  neighbourhood  of  the  aperture  and 
the  base.  It  appears  to  differ  from  other  species,  both  foesil  and 
recent,  in  the  possession  of  a  prominent  postero-oentral  rib  and  the 
general  irregularity  of  the  rib  system. 

The  specific  name  of  this  shell  is  given  as  a  slight  acknowledge- 
ment to  Mr.  F.  W.  Townsend  for  having  collected  and  sent  to 
London  so  interesting  a  collection  of  specimens  illustrative  of  the 
geology  of  the  Mekran  coast. 

JExamples. —  One  specimen  only. 

DoLiuM  cf.  HooHSTETTKRi,  K.  Martin.     (PL  XVII,  Pigs.  2,  3.) 

Dolium  Hochttetteri,  K.  Martin :  <*  Die  Tertiarschichteii  auf  Jete,"  1879-80,  p.  39, 
pi.  vii,  fig.  8. 

It  is  interesting  to  find  in  this  collection  two  examples  of  a  Jklium 
which  show  a  greater  regularity  of  sculpture  details  than  was 
observed  in  D.  Townsendi.  These  possess  a  system  of  ribbing  whioh 
strongly  resembles  what  is  present  in  Martin's  DoUum  Hochateiteri 
from  the  Upper  Tertiaries  of  Java,  and  which  approaches  it  also  in 
general  contour.  The  chief  difference  is  probably  the  oocasional 
presence  in  the  Mekran  specimens  of  an  obscure  median  rib  between 
the  more  prominent  ones,  which  are  not  observable  in  Martin's 
figures.  Among  liviug  shells  this  form  of  Dolium  is  related  to 
D.  cosiatum  of  Menke  and  Lamarck's  J),  maculatum,  both  well- 
known  Indian  Ocean  species.  The  smaller  of  the  two  shells  consists 
only  of  the  body- whorl  and  the  twisted  anterior  prolongation.  The 
dorsal  diameter  of  the  larger  specimen  is  35  mm. 

Examples, — Two  specimens. 

EXPLANATION  OF  PLATES. 

Fi;^res  are  drawn  natural  size,  except  a  few  magnifications  which  are  introduced  to 

illustrate  shell  structures. 

PLATE  XVI. 

Cakdium  Mblyilli,  n.sp. 

Fio.  1. — Right  valve,  showing  rib  structure  on  ventral  margin. 
2. — Magnified  view  of  ribs,  as  preserved  on  Fig.  I. 

'^'  \  Views  of  a  smaller  specimen  of  the  same  species. 

Arca  Blaxfordi,  n.sp. 

',. — Right  valve,  showing  costnp  and  striated  internal  surface  at  the  fracture  in 
the  ventral  region :  drawn  from  wax  impression  of  specimen. 

Mactra  mekranensis,  n.sp. 

6. — Right  valve,  with  small  patch  of  sculpture. 
7. — Magnified  view  of  sculpture. 


»» 
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DOSINIA  Sp. 

•Fio.  8. — Left  Talve,  showing  partial  sculptare  and  internal  characters :  drawn  from 

a  wax  imjtression  of  specimen. 
it    9. — ^Magnified  view  of  shell  ornamentation. 
»  10. — Internal  natoral  cast  of  same  specimen,  showing  muscular  scar  impressions, 

pallial  line,  and  lanceolate  sinus. 

PLATE  XVII. 

DOLXVM   ToWNRENDI,  U.Sp. 

Pio.  1. — Dorsal  Tiew  of  specimen. 

DouvM  cf.  HocHSTETTERi,  Martin. 


2. — Dorsal  aspect  of  the  lar^r-sized  anecimen. 
3. — Smaller  specimen,  showmg  twisted  columella. 


Laupusia  cf.  APFiNiM,  Doshayes. 

f  >        4.— Specimen  showing  lateral  varices. 

Neptunea  Bukrowsi,  n.sp. 

5.— General  view  of  specimen,  showing  anterior  canal,  with  encrusting  Mem" 

branipora  on  spire. 
6. — Another  view  of  same  specimen,  showing  shell  structure. 
7. — Magnified  view  of  funiculate  sculpture. 

TuouKiuM  (Xbxophoka)  mekranense,  n.sp. 

>»     8. — Greneral  view  of  specimen. 

>>     9. — Basal  view  of  another  specimen,  showing  reticulate  ornamentation. 
)t  10. — Fragment  of  another  specimen,  showing  external  sculpturing  and  foreign 
attachments  at  the  suture. 


ni. — Note  on  a  Brtozoan  attached  to  NspTrxEA  found  in  one 

OF  THE  Mekran  Nodules. 

By  Henry  W.  Burrowk,  F.G.S. 

Membbanipoba  Lacroixi  (V.  Audouin). 

lustra  Lacroizii^  V.  Audouin  :    in  J.  0.  Savi^ny's  **  Description  de  I'E'^ypte," 

Hist.  Nat.  Polypes,  Planches,  1817,  vol.  li,  pi.  x,  fi;^'.  9  ;    Explication  des 

Planches,  1826,  vol.  i,  pt.  4,  p.  240. 
Conopeum  reticulum^  J.  E.  Gray :    List  British  Animals  British  Museum,   pt.  i. 

Radiated  Animals,  1848,  p.  108. 
Memhranipora  Lacroixii,  G.  Busk  :    Cat.  Marine  Polyzoa  British  Museum,  pt.  ii, 

1854,  p.  60,  pi.  Ixix,  figs.  1-3. 
BiJUutra  Lacroixiif  F.  A.  Smitt:   pt.  ii  of  '*  Floridan  Bryozoa,**  Kongl.  Svenska 

Vetensk. -  Akad.  Handl.    (Stoclcholm),    1873,  vol.  xi,' No.  4,   p.   18,   pi.  iv, 

figs.  85-88. 

For  other  references  and  synonyms,  see  Miss  E.  C.  Jelly's 
*'  A  Synonymio  Catalogue  of  the  Recent  Marine  Bryozoa,  including 
Fossil  Synonyms."  1889,  pp.  162-164. 

Diagnosis.  "Zoariumy  adnate. 

^ooecia,  oval  or  ovato-quadrangular,  often  elongated  ;  area  (usually) 
coincident  with  the  whole  of  the  front  of  the  cell  (front  *  wall  * 
membranous  in  the  living  state).     Margins  thick,  strongly  crenulate. 

Oceda,  none. 

Avictdaria  (?),  small,  subcircular  or  roundedly  triangular,  situate  in 
the  anterior  angles  of  the  space  between  the  zooecial  walls,  sparsely 
developed. 
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I^  oolony  under  desoription  is  attached  to  the  apioal  whorli  of 
a  Neplmita,  closely  alli&d  to  the  Crag  Ji.  jugoia  (S.  Y.  Wood),  koA 
whioh  was  found  eaclosed  in  one  of  the  Mekran  nodnlee. 

The  zocecia  are  rather  distorted  and  crowded  together  as  tht^ 
aooommodate  themselres  to  the  sutures  and  ridgea  of  the  molloio 
on  whioh  they  have  grown.  The  mature  zooecia  meaaara  aboat 
0-20  by  0-33  mm.,  and  are  almost  quadrangular,  with  alightly 
rounded  angles. 

This  species  appears  to  be  referable  to  M.  Laeroixii,  as  figured 
by  Busk  in  (he  British  Unseum  Catalogue,  the  moat  apparent 
differenoe  being  that  the  cell-walls  are  relatively  thicker ;  this, 
however,  is  more  noticeable  in  the  earlier  zooecia — the  later  formed 
and  typical  cells  have  thinner  walls. 

The  synonymy  of  this  speoies  is  rather  involved,  but  reference 
need  only  here  be  made  to  the  most  important. 


Xembmiiipora  Laeroizi  (V.  Audonin).     Enlarged  45  times. 

Attached  to  apical  vhorls  of  Septiinea  Jugota.  [niuid  enclosed  in  nodule  from 

Mekran  Cuast. 

Busk,'  in  the  "Crag  Polyzoa"  (p.  31),  refers  Laeroixii  (in  part) 
to  Savartii,  Audouin. 

Pergetis'  regards  JIT.  reticulum,  M.  Laeroixii,  and  Jlf,  Savarlii  as 
synonymous. 

Later  writers  have  considered  Jlf.  SavartH  to  be  a  distinct  speciei^. 
and  have  included  in  its  synonymy  Biflaitra  detieatida  of  the  Crag. 

Waters,'  in  his  memoir  on  the  Membraniporidie,  points  out  that 
the  'rosette-plates'  of  M.  Zacroixii  and  Jlf.  Savarlii  are  quite 
different. 

'  6.  Busk.  A  Monograph  of  the  Foeeil  Poljioa  of  the  Crag:  Palffiontographiwl 
SocietT,  1859. 

'  Ed.  Pargen,",  "Piiocane  Bryozoen  von  Rhodos";  Ann.  k.K.  nat.  Hofniiuoomi 
(Wien),  1887,  vol.  ii,  p.  14. 

'  A.  W.  Walera,  "  Ubservatiooa  on  Hembianiporida:" :  Jaurn.  Linn.  Soc.,Zcki1., 
1898,  vol.  uvi,  p.  679. 
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If  188  Jelly  (following  Pei^ns)  regards  JIT  Laert^i  of  Audouin 
mxA  Bosk  ae  referable  to  Af.  rtUeviJIuM  (Linn6). 

Membranipora  LaeroixH  haa  a  wide  geographical  and  geologioal 
vange,  aa  the  following  records  will  show  : — 

Oeographieal  dittr^tUion.  British  (Hincks),  Mediterranean  (Sa- 
^gny),  Florida  (Smitt),  St  liawrenoe  (WhiteaTCs),  New  Zealand 
<Water8), 

Fo98iL  Coralline  and  Red  Crag  (Busk  and  Bell) ;  Miocene  and 
JPliooene  of  Austria  and  Hungary  (Manzoni  and  Reuss) ;  Pliocene 
^>f  Italy  (Manzoni,  Waters,  Neviani)  and  of  Rhodes  (Pergens) ; 
3^06t- Pliocene  (Dawson). 

NoTC — The  specimen  is  not  well  preserred,  and  the  characters, 
^n  part,  are  somewhat  obscure.  The  figure  has  been  drawn  from 
^  photograph,  the  detail  being  restored. 


^V. — NoTS  OM  A  Fossil  Crab  and  a  Group  of  Balani  disootbrib 

IN  CoMORXnOMS  ON  TBI  BkAOH  AT  OrMARA  HrADLAND>  MbKRAM 

Coast. 

By  HsKBT  WooDWAKD,  LL.D.,  P.R.8.,  V.P.Z.S.,  P.G.S. 

HAYINO  been  desired  by  my  friend  Miss  Caroline  Birley  to 
examine  two  Crustaceans  in  nodules  from  the  Mekran  Coast — 
part  of  a  much  larger  series,  mostly  enclosing  fossil  shells,  described 
by  Mr.  R.  B.  Newton,  F.G.S.  (see  ante,  pp.  293-303)— I  gladly 
eoroply  with  the  request  to  add  a  note  thereon  to  his  paper. 

The  first  concretion,  when  broken  open,  displays  the  dorsal 
aspect  in  impression  and  counterpart  of  a  small  crab,  5^  cm.  broad 
by  3  cm.  deep,  having  one  long,  slender,  forcipated  chela,  imperfectly 
preserved,  measuring  nearly  5 cm.  in  length;  and  part  of  one  of 
the  fifth  posterior  pair  of  feet,  adapted  for  swimming,  showing  it  to 
have  been  near  to  the  family  Portunidji,  to  which  our  common 
shore-crabs  of  the  genus  Poriunus  belofig.  None  of  these,  however, 
can  be  satisfactorily  compared  with  the  fossil  crab  from  Ormara, 
which  is  certainly  referable  to  another  genus. 

In  PoriunuB  the  carapace  is  only  slightly  broader  than  deep,  the 
latero-anterior  margin  having  four  or  five  serrations  of  equal  size ; 
there  is  no  prominent  oostal  spine.  In  our  fossil  the  carapace  is 
compressed  vertically  and  greatly  expanded  laterally,  being  armed 
at  each  angle  with  a  prominent  costal  spine,  while  a  series  probably 
of  eight  (?)  lesser  serrations  (the  points  of  which  are  broken  ofif  in 
our  specimen)  fringe  the  regularly  arched  convexity  of  the  latero- 
anterior  border  from  the  orbit  to  the  costal  spine,  below  which  the 
postero- lateral  margin  is  concave  and  the  posterior  border  straight 

These  features,  added  to  the  details  of  the  carapace  itself,  enable 
us  to  refer  it  to  the  genus  Neptunus  of  De  Haan  (see  ''Fauna 
Japonica  "). 

In  describing  two  new  species  from  the  Eocene  of  Eutoh  and  Sind, 
the  late  Dr.  Ferdinand  Stoliczka  wrote  :  *  '*  The  species  of  Neptunu$ 

*  See  Memoirs  Geol.  Surv.  India,  PalpRontologia  Indica:  *' On  some  Tertiary 
Crabs  from  Bind  and  Kutch  '*  (1871),  p.  3. 

DBCAPV  r. — VOL.  II. — h'o.  vn.  *IS^ 
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are  easily  distin^iahed  from  the  allied  genera,  Seglla,  Lmpa,  and 
Aeheoitu,  by  having  the  last  or  costal  ipine  oonsiderably  longer  than 
the  remaining  eight  spines  of  the  antero-lateral  margin." 

The  recent  speoiee  are  tolerably  numeroaa ;  NeptumvM  iatiatat, 
Linn.,  inhabits  the  Mediterranean,  but  for  the  moat  part  these  forms 
ooour  within  the  tropica,  as  in  the  West  Indies,  the  ooasts  of  Brail, 
the  Faoifio,  and  the  seas  of  India  and  Asia. 


Fia.  l.—XtpHonu  ArMaa,  H.  Wiwdir.,  ip.  dot.  Newer  Tertiwy,  Ifckm 
Coast.  Prexerred  in  a  nodular  concretion  which  hM  been  split  open,  disclosDic 
the  lowil  crab  in  its  inlerior.  (The  dotted  lines  iadicite  probable  resloralion 
of  broken  parte.] 

Family,  Pobtcnidx;  genns,  Neptunui,  Tie  Haan. 
The  late    Professor   Alphonae    Milne  •  Edwards'    described    six 
Tertiary  species,  one  from  France,  one  from    Sardinia,  fonr   from 
Northern  Italy,  and  Uerr  Max  Blanckeoborn  has  added  one  from 
the  Miocene  of  Sinai,'  viz.  l— 
Nephaint  Monspelientit.  A.  M.-£dw.   Eocene  :  Montpellier,  France. 


To  the 

Neptm 


Znrteti,  A.  M.-Edw 
Vicentinui.  A.  M.-Edw. 
arcualus,  A.  M.-Edw. 

granulntiit,  A.  M.-Edw.' 
incertiu,  A.  M.-Edw. 
e  must  be  added — 
t»  W^nnenniiii.  Stoliczka. 
Sindentii.  Stoliczka. 


ParJHf 


Museum  B. 
„         Turin,  North  Italy, 
„  Vicentin,        „ 

Tertiary  :  Island  of  Sardinia- 
„         Vioentin,  North  Italy. 

„         Eiitoh,  India. 
Sind,  India. 


and  the  present  specimen,  which  we  may  venture  to  name — 

'  In  his  "  Histoire  des  Cniatac^  Podopbthalmaires  Fosailes,"  torn,  i,  1861-i. 
pp.  100-llS,  pl».  iii-vii:  Anu.  Soi.  nat.,  4' ser.,  Zool.,  t.  liv. 

'  X'ptHHHi  siraiiHlalui.  A.  M.-Edw.,  ia  recorded  in  a  list  of  fossils  as  occurriog  ia 
Iba  Miocene  ul  ijiuai.  See  Max  lilanekenhorn,  "  Xeues  zur  Geologic  und  FalaDl- 
t«]ofie,Ai;Tf)l«Ds,"iii,  DasHiocau:  Zeitschr.  Deatuch.  Qeul.  Qes.,  t90l. 
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5f ■PTimiTg  Ababioub,  H.  Woodw.,.  tp,  nor.    See  Text-figare  (Pig.  1). 

Pliooene  (?) :  Mekran  Coast. 

Description,  —  Carapace  broader  than  long  (5^ cm.  by  Sera.), 
seniiciroalar  in  front ;  rostral  border  not  prominently  produced, 
14  mm.  wide,  haying  a  notch  and  a  slight  median  depression  in  the 
centre;  this  divides  two  low,  broad,  nndulated  prominences,  each 
i-  mm.  wide,  marking  the  position  of  the  first  or  inner  pair  of 
AntennsB ;  these  are  separated  by  a  notch  (1  mm.  deep)  from  the  next 
pair  of  double  serrations,  3  mm.  wide,  covering  the  second  or  outer 
pair  of  antennas;  they  complete  the  rostrum  and  form  the  inner 
nrbital  spine ;  the  orbits  are  large,  oval,  7  mm.  wide  by  5  deep ;  the 
border  marked  by  one  fissure  above  and  apparently  none  beneath ; 
^hen  follows  the  outer  orbital  spine  (probably  succeeded  by  seven 
:~^ther  more  or  less  equal  serrations),  as  indicated  by  dotted  lines  in 
V*ig.  1,  ending  with  the  strongly  developed  costal  spine  (^t.),  which 
oompletes  the  latero-anterior  angle  of  the  carapace.  The  postero- 
lateral border  curves  inwanls  and  contracts  rapidly  from  5^  cm. 
In-oad  at  the  costal  spine  to  2  cm.  behind  the  articulation  of  the  fifth 
pair  of  legs.  The  specimen  was  evidently  a  female ;  therefore  the  * 
|)osterior  border  of  the  carapace  is  considerably  wider  than  would  be 
that  of  a  male  of  the  same  species. 

Grastric  region  18  mm.  broad,  marked  by  a  median  longitudinal 
depression  in  front,  and  a  transverse,  slightly  raised  line  of  minute 
pustules  across  the  centre,  separating  the  epigastric  and  protogastrio 
from  the  mesogastric  lobes ;  the  metagastric  and  the  urogastric  lobes 
are  continuous  with  one  another,  and  form  a  slightly  raised,  shield- 
like median  space  produced  in  front  into  a  slender*  spine-like  ridge 
4  mm.  long,  which  terminates  at  the  median  epigastric  furrow.  The 
hepatic  region  is  not  subdivided ;  it  is  rather  depressed  anteriorly, 
and  irt  separated  from  the  gastric  region  by  a  slight  furrow  and  from 
the  branchial  region  by  a  curved,  well-defined,  raised  ridge,  which 
extends  from  the  gastric  furrow  to  the  extremity  of  the  lateral  or 
costal  spine.  The  cardiac  region  occupies  a  central  position  behind 
the  gastric  region,  l>eing  about  6  mm.  broad  in  the  centre,  and  is 
subdivided  anteriorly  into  two  well-marked  triangular  lobes  by 
a  median  depression,  ending  in  a  pillar-like  median  lobe  behind. 
The  branchial  region  is  tumid,  marked  by  a  slight  double  swelling 
next  the  gastric  and  cardiac  border,  where  a  somewhat  deep  furrow 
is  formed. 

The  surface  generally  is  finely  granulated,  with  small  patches  of 
coarser  granules  on  the  proto-  Hnd  metagastric  lobes  and  on  the 
adjacent  branchial  prominence,  while  a  few  minute,  linear -wise 
tubercles  mark  the  meHOgaHtrio  and  hepatic  lobes. 

The  propodos  of  the  fore-limb  ih  3  cm.  long  and  1  cm.  broad, 
the  surface  being  covered  with  coarse,  rounded  granules  and  scored 
longitudinally  by  two  furrows  which  conv«rge  at  the  extremity  of  the 
fixed  chela;  the  moveable  claw  (dautylns)  is  not  seen  ;  it  must  have 
been  l^'mm.  in  length.  /J'he  carpus  was  8mm.  lon<^  :  the  meros  15  mm, 
long  by  7  mm.  broad.     The  basal  jointw  are  concealed  by  matrix. 

The   last   or   posterior  pair  of   walking    Vvmb*   Viv  \\i^  ^vii^«t^ 
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FortunWt  Scyllaf  and  Neptunus  ar^  speoially  modified  to  serve  as 
natatory  appendages,  their  joints  being  flattened  and  expanded  for 
swimming,  and  are  carried  above  the  oarapaoe  when  not  used  in 
natation,  the  three  other  pairs  of  simple  feet  serving  as  walking  and 
running  appendages.  Only  a  fragmentary  remnant  of  one  of  these 
swimming  feet  is  preserved  on  the  left  side  behind  the  lai^  oostal 
spine. 

De  Haan,  in  Siebold's  "Fauna  Japonica,"^  distinguishes  three 
equivalent  subgenera,  Neptunus,  Amphiirits,  and  Fontus.  They  are 
all  charaoterissed  by  the  large  size  of  the  oostal  spine.  The  sub- 
divisions  are  based  upon  the  form  of  the  third  endopodite  joint  of 
the  outer  maxillary  feet.  In  Neptunus  this  joint  is  longer  than 
broad,  with  the  lower  inner  angle  oonspiouonsly  produced,  and  with 
the  upper  hinder  edge  rounded.  In  Amphitrite  the  upper  hinder 
edge  of  the  third  endopodite  is  considerably  produced  and  also 
rounded.     In  Pontus  the  same  joint  is  said  to  be  square. 

Amphitrite  was  accepted  by  Dana,'  but  united  with  Neptunus  by 
Alphonse  Milne-Edwards.'  But  the  character  relating  to  the  form 
of  the  third  joint  seems  to  be  subordinate. 

Stoliczka  had  already  observed  (Crust  from  Eutoh  and  Sind, 
op.  cit.,  p.  3)  that  "it  is  remarkable  to  find  the  Amphitrite  form 
already  represented  in  fossil  species  from  Eutch  "  (as  noticeable  in 
his  iV^  WynneanuB)  ;  he  adds,  however,  that  the  name  Amphitrite  had 
been  already  used  by  Miiller  in  1771  as  a  generic  name,  and  there- 
fore it  cannot  be  reinstated,  but  must  remain  a  synonym  of  Neptunus, 

As  all  the  species  already  recorded  in  a  fossil  state  have  been 
obtained  from  beds  older  than  the  formation  at  Ormara  yielding  the 
fossil! feroiiH  concretions,*  I  have  compared  our  crab  with  De  Haan's 
figures  and  descriptions  of  recent  (living)  species  from  the  Indian 
Ocean  and  the  Sea  of  Japan.  The  first  of  these  figured  by  him 
is  Neptunus  pelagicuSy  probably  the  largest  and  most  powerful 
swimming-crab  living,  with  a  carapace  twice  as  wide  as  it  is  deep, 
with  long  and  powerful  costal  spines,  a  regularly  arched  front  armed 
with  eight  equul  serrations  on  each  side;  the  powerful  chelate 
fore-arms  are  considerably  longer  than  the  extreme  breadth  of  the 
cara})ace.  It  is,  however,  in  De  Haan's  subgenus  "Amphitrite**  that 
species  are  f»)und  which  most  closely  resemble  our  fossil  form. 

In  Neptunus  (Amphitrite)  hastatoideSy  Fabr.  (De  Haan,  tab-  i, 
fig.  4),  the  costal  spines  are  equal  to  half  the  breadth  of  the 
carapace  ;  two  short  spines  are  also  present,  one  at  each  postero- 
lateral angle  of  the  carapace  behind  the  insertion  of  the  fifth  pair  of 
swimming  feet. 

'  Crustacea,  by  W.  de  Haan,  1850,  Leyden,  4to,  \vith  70  plates. 

2  J.  D.  Dana:  '*  (Massificati«)n  and  Distribution  of  Crrotacea,'*  4to,  1853,  p.  1424. 
Fam.  IV,  Portuniduf.  1,  Lupina?.  Genera:  ScyllUy  De  Haan;  Lupa^  Lh. ; 
Amphitrite,  De  Haan ;  etc. 

*  A.  Miluc-EdwardH,  Hist.  Crust.  Podopb.  Foss.,  1861-5,  tome  i,  p.  100,  give* 
genus  yeptunm  (synonymy:  Cauctr,  para,  Linn^;  PorttttiM,  Fabr.;  Lupa^  pare, 
litach  ;  etc.).  Neptitnun,  Pontus.  ei  Amphitrite^  pars,  De  Haan;  Lupa  el  Amphi' 
trittr,  pan*.  Dana  :  Expl.  Exj)ed.  Crust. 

*  Sea  Mr.  Xtwton's  remarks  aute,  p^.  296  and  300. 
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In  NepiunuB  (AmphiiriU)  gladiator,  Fabr.  (De  Haan,  tab.  i,  fig.  5), 
the  general  features  resemble  our  Mekran  orab,  but  the  regions  of 
the  carapace  do  not  oorreftpond  in  detail ;  the  oostal  spines,  although 
not  so  long  as  in  A.  haBtatoides,  are  not  straight  but  curved  some- 
what forward ;  the  frontal  border  between  the  orbits  has  six  distinct 
pointed  teeth,  not  four  rounded  double  prominences  as  in  our 
specimen.  The  branchial  furrow  in  ^.  glctdiaior  also  is  much  more 
arcuate. 

On  the  whole,  I  find  that  Neptanua  (Amphiirite)  tenuipes,  De  Haan 
(tab.  i,  fig.  3),  agrees  most  nearly  with  our  Mekran  crab.  The 
^XMtal  spines  are  not  dissimilar  in  length  ;  the  regions  of  the  carapace 
resemble  the  fossil  in  most  particulars.  We  are  unable  to  compare 
the  maxillipeds  in  our  specimen  with  De  Haan's  figures,  as  we  have 
only  the  dorsal  aspect  of  the  carapace  exposed  in  the  nodule. 

The  frontal  region  does  not  exhibit  quite  the  same  rounded  and 
paired  undulations  as  in  our  fossil  crab,  nor  are  the  costal  spines  of 
equal  proportion. 

I  prefer,  therefore,  to  designate  the  fossil  form  from  Mekran  by 
the  trivial  name  of  N.  ArnbieuSf  in  allusion  to  the  Arabian  Sea,  which 
washes  the  shores  of  the  Ormara  Headland,  where  these  concretions 
were  collected. 

Before  quitting  this  subject,  I  may  refer  to  another  allied  fossil 
crab  with  long  costal  spines,  described  by  me  as  Rhachiosoma 
bispinosa,  of  which  a  fine  series  of  specimens  was  obtained  by  the 
late  Messrs.  C.  J.  A.  Meyer  and  Caleb  Evans  from  the  Lower  Eocene 
of  Portsmouth  Dockyard  (and  figured  and  described  by  me  in  the 
Quart  Journ.  Geol.  Soc,  1870,  vol.  xxvii,  pp.  90-92,  pi.  iv,  figs.  3, 5  ; 
and  1873,  vol.  xxix,  pp.  25-31,  double-plate  i,  fi^s.  1-6).  These 
8|)ecimems  are  of  extreme  interest  in  connection  with  the  evolution 
of  this  group  of  the  Brachyura,  as  they  present  a  more  generalized 
form,  combining  the  character  of  the  Neptuuidas  in  the  development 
of  the  strong  costal  spine,  not  produced  in  the  Portunidas,  but 
agreeing  with  the  latter  in  having  only  five  spines  or  serrations  on 
the  latero-anterior  border  instead  of  nine,  as  in  Neptunns  (see  op.  cit., 
1873,  vol.  xxix,  pi.  i,  in  which  the  latest  and  most  perfect  examples 
are  figured).  These  beautiful  specimens  from  the  Lower  Eocene 
are  preserved  in  the  Museum  of  the  Geological  Society,  Burlington 
House,  a  bequest  from  the  late  Mr.  Caleb  Evans,  F.G.8. 

Should  other  and  more  perfect  specimens  from  the  Mekran  Coast 
be  met  with,  and  prove  to  have  only  five  serrations  on  the  latero- 
anterior  margin,  then  this  form  might  be  generically  separated  from 
Neptunus9JiA  form,  with  Rhachiosoma^  another  su))tainily  intermediate 
between  the  Portunid®  and  the  NeptunidsB,  as  combining  some  of 
the  characters  found  in  both  these  groups. 

NoTB  ON  B  ALAS  us  TisTiNXABirhUM^  Linn. 

Darwin's  Tar.  7,  eoccopoma:  "  Cirripedia:    Baluuidio,"  Ray  Society,  1854, 

pp.  194-196,  pi.  i,  tigs.  1,  2. 

The  BcUani  from  Ormara  Headland,  Mekran  Coast,  are  contained  in 
two  nodules,  one  of  which  exhibits  two  or  three  ©xami^\^%  oxi\^,VS\^ 
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otber  a  group  often  vet;  well  preaeired  individuals  olostflred  tt^tliei — 
of  which  a  figure  ii  givea  in  the  text  below  (Fig.  2).  They  hf 
been  most  Buooeisfutly  develope<l  from  the  hard  oonoretioni 
matrix  by  Mr.  Riobard  Hall,  the  HaMam  Formatori,  and  the  ooli 
regret  ii  that  none  of  the  openmlar  valvec  have  been  pTeaerved,  or^ 
I  may  say,  have  not  been  exposed  to  view,  during  the  prooew  o^B 
removing  the  matrix.  (In  Bpeoimens  of  Balantu  nmeoma  and  other=a 
apeoien  from  the  Coralline  Crag  of  Siifiolk,  I  have  freqnently^ 
reoovered  the  perfect  eet  of  operonlar  valves  from  the  interior  o^B 
the  body-ohamber,  and,  bat  for  the  hardneaa  of  the  matrix,  tbej^v 
uigfat  almost  oertainly  be  foand  within  the  interior  of  thoao  foeailH 
'  aoom  shells '  of  the  Mekran  Coast  also.) 


Fia.  2.— Gionp  of  ten  indJTidiiiil  Bslaoi  dereloped  ont  of  the  interior  of 

cretianHTT  Dodale  from  tbe  cliffB  on  the  aeuhoni,  Ormm  Headland,  i 

Coast,     tteferred  to  Batanut  tmtinitalmliim,  Linn.,  tu.  cuca^omm,  Dinin. 

The  orifice  of  the  shell  (if  complete)  would  have  been  enolosed 
by  these  moveable  valvea,  i.e.  by  a  pair  of  tet^al  and  two  eoutal 
valves,  upon  tbe  cbHractera  of  which  tbe  species  oould  at  onoe  have 
been  det«rmine<l.  We  have,  then,  only  the  shell-walls,  composed 
of  a  oxriiia,  a  rostrum,  two  roatro- lateral  and  two  oarino-Iatetal 
ooraparlmente,  which,  with  tbeir  interlocking  radii  and  al«e,  enclose 
the  body-chamber  on  every  side,  the  lower  aurfaoe  being  protected 
by  the  hntii  (not  visible),  which  vsries  greatly  in  different  genera, 
as  indeed  do  hIbo  tbe  walls  of  the  sbell  itnelf. 

After  a  careful  compsrisou  of  the  specimen  with  Charles  Darwin's 
beautiful  plates  and  descriptions  of  tbe  sessile  forms  of  Cirripedia 
(Balanidffi,  Ray  Society,  1854).  I  am  led  to  conclude  that  the 
nearest  species  to  our  fossil  is  Balnnv*  tintiwaahidum,  Linn.,  and  of 
its  many  varieties  probalily  Darwin's  (var.  7)  eoeeopoma  best 
represeuts  it,  ita  form  being  globulo-conical,  orifioe  small,  walls 
rouniled,  generally  smooth,  thick  (colour  x).  Some  of  the  oom- 
pnrtnients  show,  in  addition  to  lines  of  growth,  fine  wavy  raised 
plicte  oi'  |>iirallel  strite,  but  for  the  most  part  lines  of  growth  are 
ftlone  visible. 
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V. — ^Thb  Bkoint  Qkolooioal  History  of  the  BALTia 

Part  I:  Thb  Litorina  Sia. 

By  Sir  H.  H.  Howobth,  F.B.S.,  F.G.S. 

THE  reoent  history  of  the  Baltio  inyolves  problems  of  great 
interest  and  importance,  and  promises  to  afford  oonsiderable 
help  in  solving  the  mysteries  of  the  later  geological  changes  in 
Western  Europe.  It  is  therefore  worth  a  closer  study  than  has 
been  extended  to  it  in  this  country.  Perhaps  I  may  be  permitted 
to  oondense  in  the  Orologioal  Magazinr  what  has  been  written 
abont  it  in  late  years  by  the  Scandinavian  geologists,  and  to  add 
some  inferences  of  my  own.  I  am  especially  indebted  to  De  G^rs 
and  Munthe,  the  latter  of  whom  has  written  quite  an  ideal  monograph 
on  one  section  of  the  story  in  the  Bulletin  of  the  Qeologioal 
Institution  of  the  University  of  Upsala,  vol.  ii.^ 

The  most  conspicuous  feature  of  the  Baltic  compared  with  other 
seas  directly  communicating  with  the  ocean,  and  in  which  it 
resembles  a  lake,  is  the  slight  salinity  of  its  water,  while  its  upper 
waters  differ  in  this  respect  very  sensibly  from  its  lower  ones. 

"In  the  Gulf  of  Bothnia,  at  the  time  when  the  river-flow  is 
greatest,  the  surface  water  is  so  little  salt  as  to  be  quite  drinkable, 
its  specific  gravity  being  as  low  as  1*004.  It  is  said  to  contain  at 
Christmas,  when  its  fresh-water  supplies  are  largely  frozen,  six 
times  as  much  salt  as  at  Midsummer,  showing  that  when  the  river 
supply  is  at  \i%  lowest  its  place  is  taken  by  a  reflux  of  salt  water 

from  the  outside  ocean At  Kiel,  if  the  direction  of  the 

prevalent  winds  in  Autumn  be  such  as  to  maintain  a  strong  surface 
out-current,  and  consequently  a  very  strong  inward  under-current, 
as  happens  in  some  years,  the  maximum  of  salinity  will  present 
itself  at  that  season,  otherwise  Meyer  found  that  the  specific  gravity 
of  the  water  at  Kiel  ranges  from  about  1*0182  in  Summer  to  1*0142 
in  Winter,  the  latter  showing  about  half  the  quantity  of  salt  in  sea 
water.'*     (Encyo.  Brit.,  iii,  297,  article  Baliic.) 

The  degree  of  salinity  of  the  waters  of  the  Baltic  decreases  very 
much,  as  we  should  expect,  as  we  leave  the  ocean  and  get  nearer  to 
its  inner  recesses.  The  following  is  a  useful  table  compiled  by 
Munthe  from  the  best  official  sources,  and  showing  the  averaige 
percentage  of  salt  at  different  places  in  the  Western  Baltic  going 
eastwards.     The  figures  are  taken  from  actual  observations. 

Darsser  Ort     ro6 

Gjedsor  Rev    101 

Lappegniaden         1*41 

Northern  part  of  Oresund  1  '25 

Copenhagen     1*21 

Drogden 1*08 

Lohme  (Riigen)       0*81 

Christianso,  X.  of  Bomholm  0*78 

Hela  (West  Prussia)       ...  072 

Continuing  the  investigation  further  east,  for  which  we  have  not 
the  same   precision    of    testimony,    Munthe,    from    considerations 

*  **  Preliminary  Report  on  the  Physical  Geography  of  the  LvU)T\ii«ti  ^«a."  ^"^A-'i?^, 


Skagens  Rev  ... 

...     2-96 

Laeso  Trindel... 

...     2-49 

Kobbergninden 

...     232 

Anholts  ELnob... 

...     210 

Schulz*8  Grund 

...     1-93 

Samflo  Belt     ... 

...     1-56 

...     1-60 

Poel,  off  Wismar 

...     1-24 

Wamemiinde . . . 

...     1-18 
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dependent  on  the  distribatkm  of  the  moHiMcn,  hea  oslddated  tbe 
position  of  the  iaohalinic  line,  or  line  of  equal  aaltneea*  for  the 
percentage  of  -07,  -06,  -05,  -0^  and  -03  reapectiTely,  at  Tarioui 
pointa  of  the  EMtem  Baltic  from  the  bland  of  Gotland  to  the 
npper  reachea  of  the  Bothnian  Golf. 

Theae  fignrea  show  that  between  the  Cattegmt,  where  the  ooein 
ia  close  hj,  and  the  upper  part  of  the  Bothnian  Galf  the  degree  of 
•alinitj  in  the  Baltic  dt^creaaea  gradnallj  from  2*96  per  oant  to 
-03  per  cent.  Tbia  distrihation  of  lalt  in  ita  watera  haa  natnnllj 
had  a  great  effect  npon  the  marine  mollosoan  fiinna  of  the  Baltio^ 
and  alio  haa  affected  their  size  and  canaed  them  to  become  diatorted. 
To  this  interestinfc  iuae  we  will  now  torn.  For  the  parpoee  of 
inTeatigation  the  Baltic  may  be  diyided  into  two  aectiona  bj  a  line 
drawn  a  little  to  the  eaat  of  the  ialand  of  Bomholm,  and  we  will  it 
preeent  limit  ooreeWee  to  that  eection  of  the  aea  (moch  ita  laiger 
portion)  lying  to  the  eaat  of  soch  a  line. 

The  poverty  of  the  living  molloacan  fanna  of  tbia  part  of  the 
Baltic  is  pbenomenaL  That  faona  ia,  in  fact,  limited  to  the  foUowing 
ihelle : — 

(1)  TelUna  balthiea^  var.  a  and  5.     The  form  found  in  the  Baltio  it 

the  original  type.  It  also  occurs  in  the  Southampton  Water 
and  in  the  Orwell  eetuary.  Loven  deemed  it  a  degenerate  form 
of  T.  Bolidula,  due  to  the  brackish  conditions  in  which  it  livei. 
Jeffreys  says  it  is  a  hardy  mollusc,  accommodating  itaelf  to  til 
kinds  of  temperature  and  all  kinds  of  water,  from  nearly  fresh 
to  the  sal  test. 

(2)  Hytilm  edulis  (a  dwarf  form). 

(3)  Cardium  edule  (also  a  dwarf  form). 

(4)  Mya  arenaria. 

(5)  Balanus  improvisuf. 

(6;  Paludinella  balthica  (a  distorted  form ;  it  was  formerly  called 
Ilydrohia  ulva).  Under  the  latter  name  Jeffreys  calls  attention 
to  the  distinction  of  this  species  from  the  rest  of  the  Hydrohim 
in  that  it  loves  brackish  water,  in  which  it  in  fact  Uvea  in  tbe 
Thames.  Elsewhere  he  says  that  it  is  never  found  out  of  the 
reach  of  the  tide.* 

(7)  Neritiiia  flnviatiliB,  of  which  Montbe  says  that  it  is  found  at 
Landskrona  in  water  with  1*2  per  cent  of  salt,  that  it  lives  in 
slow  rivers,  streams,  and  lakes,  but  that  a  dwarf  variety  hss 
been  described  by  Nilsson  inhabiting  the  shores  of  tbe  Baltio  and 
adhering  to  seaweeds  and  stones,  sometimes  at  a  distance  from 
the  mouth  of  any  river,  and  living  in  company  with  the  common 
mussel  and  a  few  other  decidedly  marine  shells  (id.,  p.  54).  In 
this  case  the  dwarfing  has  doubtless  been  caused  by  the  water 
being  too  salt  instead  of  too  fresh  for  the  mollusc  to  adequately 
thrive. 

'  In  re^rd  to  thii  mollusc  a  not«  of  Jeffreys  is  curioas.  It  seems  it  has  bees 
found  in  nalt  springt*  and  marshes  in  the  Ain  and  Jura,  and  be  thinks  this  maj 
indirflte  there  an  ancient  estuary  ol  tbe  Khone  (Brit.  Con.,  v,  pp.  208-9). 
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In  addition  to  these  mollosos  we  maj  mention  as  also  living  in 
the  Eastern  Baltto  the  Bryozoan  Membranipora  pilosa  (var.  mem- 
hranaeea),  Amoug  the  molluscs  here  enumerated  two  are  very 
leoent  additions  to  the  Baltic  fauna,  and  have  never  occurred  in  the 
raised  heaches  or  shell-beds.  These  are  Mya  arenaria  (the  '  clam  ' 
of  the  American  writers)  and  Balanus  improviiUB.  The  Mya  is  now 
quite  a  common  shell  in  the  Eastern  Baltic,  and  Lyell  as  long  ago  as 
1835  noted  the  remarkable  fact  that  it  was  not  found  in  any  of  the 
shell-beds  (Phil.  Trans.,  1835,  pt.  1).  It  has  no  doubt  migrated 
from  the  Cattegat,  and  it  is  singular  tiiat  it  did  not  do  so  before,  for, 
as  G.  Jeffreys  says,  '*  it  is  found  living  in  sand  at  low  water,  chiefly 
in  estuaries  where  there  is  an  admixture  of  fresh  water  with  the 
sea."  He  says  further,  **  its  capability  of  living  in  brackish  and 
even  fresh  water  is  well  known  *'  (Brit.  Conch.,  iii,  65,  66). 
The  second  recent  addition  is  the  acorn-shell,  known  as  Balanus 
improvisus,  which  has  occurred  at  Reval,  Helsingfors,  and  in  the 
Gulf  of  Finland,  and  may  have  been  introduced  on  ships. 

Putting  aside  these  two  recently  imported  forms,  which  are 
irrelevant  to  the  purpose  of  this  paper,  the  other  species  above 
mentioned  are  all  found  in  the  shell-beds  and  recent  deposits  of  the 
ooasts  of  the  Eastern  Baltic. 

In  r^ard  to  the  effect  which  the  slight  salinity  of  the  waters  of 
that  sea  has  had  on  the  size  of  the  shells,  Munthe  has  shown  how  its 
mussel  (which  is  true  also  of  its  cockle)  diminishes  rapidly  as  the 
water  becomes  fresher.  Thus  he  gives  the  normal  length  of  the 
mussel  in  different  parts  of  the  Baltic  in  the  following  table : — 

mm. 

XlkXCA  •••  •••  •••  •••  •••  •••  •••  Xavw 

Bay  of  TraTemiinde          84*0 

Between  Moen  and  Falsterbo       64*0 

Riigen         ...         ...         ...         ...        ...         ...        ...  52'4 

Gotland      (probably  too  little)  <;.  40*0 

Stockholm  Archipelago     43*0 

AJanQ          ...         ...         ...         ...         ...         ...         ...  c,  oO'U 

Ulfon,  the  innermost  known  Swedish  locality     22*5 

Stanggrond,  the  innermost  known  Finnish  locality       ...  21*0 

It  seems  clear  that  the  addition  of  fresh  water  to  salt  in  more  than 
oertain  proportions  inevitably  dwarfs  or  distorts  the  shells,  and  the 
deformity  is  to  be  found  wherever  marine  molluscs  are  living  under 
brackish  conditions.  It  is  due  probably  partially  to  the  want  of 
adequate  food  for  the  mollusc  itself,  and  partially  to  the  absence  in 
the  brackish  water  of  sufficient  adequate  materials  to  build  up  the 
shell. 

Liet  us  now  turn  from  the  recent  shells  in  the  Eastern  Baltic 
to  those  found  in  the  later  shell-beds  on  its  shores. 

The  first  person  to  recognize  these  shell -beds  was  Magnus 
Bromell,  who  speaks  of  an  accumulation  of  Mytilus  and  Cardium 
shells  near  Stockholm  (Lith.  Sueo.,  specimen  secundum,  Upsala, 
1727,  p.  58  et  seq.). 

Linnasus,  in  the  first  edition  of  his  "Systems  Naturad,"  1735, 
refers   to   the  Mytilus  accumulations   in   Helsingland   as  ''  Viwm>3A» 
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oonohacea  HelBingica,"  and  he  and  others  afterwards  menUoned 
similar  remains  in  other  parts  of  Sweden. 

Lyell,  in  his  well-known  paper  in  the  Phil.  Traoa.  for  1835, 
pt  Ip  ennmerated  the  shells  he  had  found  in  these  beds,  which 
(says  Montbe)  is  still  a  complete  list  so  far  as  the  Stockholm  district 
is  concerned.  Of  Myiilm  be  had  also  foand  the  small  white  finUra, 
now  80  commonly  attached  to  them,  in  the  Baltia  He  also  namei 
the  Oasteropod  Neritina  flumatiliB^  which  lives  in  fresh  and  bnckisb 
waters.  He  lastly  pointed  out  that  the  above-named  fossil  mollosca 
are  smaller  than,  and  in  some  oases  aotnally  dwarf  forms  of,  thoM 
now  living  in  the  ocean,  thus  agreeing  with  the  living  Haltio  shells. 

The  enclosed  character  of  the  Baltic,  which  gives  it  its  brscki«h 
quality,  is  an  old  physical  feature  of  the  sea,  and  it  is  not  strange 
that  in  the  accumulations  of  estuarine  mud  and  the  raised  shell-beds 
on  its  shores  we  should  be  able  to  trace  this  charaoteristio  of  the  set 
back  in  time  to  a  considerable  distance.     When  we  examine  these 
beds,  which  consist  partly  of  shell  deposits  and  partly  of  estuarine 
black  clays  containing  molluscs,  we  shall  find  that  the  same  features 
which   mark   the   living  Baltic  fauna  have  prevailed  there  for  s 
oonsiderable  time.     We  have  a  similar  soanty  fauna,  and  we  have 
also  a  series  of  shells  which  are  more  or  less  stunted  or  deformeil 
It  is  nevertheless  important  to  remember — and  the  faot  was  not 
recognized  by  the  older  writers — that  in  these  respects  the  living 
shells  considerably  exaggerate  the  conditions  prevailing  in  the  shell* 
beds.     In  the  first  place  the  latter,  although  poor  in  species,  are 
richer  than  they  would  l>e  if  they  were  being  deposited  at  thi0 
moment.     In  addition  to  TeUina  halthtca,  in  two  forms  which  parade 
into  each  other  as  now,  Mytilus  eduiis^  Cardium  edule,  Palndvielitt 
balthica,  and  the  Bryozoan  Membrauipora  pilosa,  we  have  in  these 
beds  two  species  of  Liiorinay  a  BisBoaf  and  a  worm  tSpirorbis  horealis. 

In  regard  to  four  of  the  species  mentioned  as  found  in  the  later 
raised  shell-beds  of  the  coasts  of  the  Eastern  Baltic,  it  is  an 
important  fact  that  they  no  longer  live  there.  These  are  Litorina 
litorea,  Litorina  rudis  (since  shown  to  l>elong  to  the  sub-species 
tenebrona),  a  Rinsoa  (probably  a  small  race  of  Rissoa  membrnnacea), 
Scrobictdaria  piper nta,  and  the  worm  Spirorbis  borealiB.  None  of 
these  shells  are  now  found  living  east  of  the  island  of  Bomholm, 
and  it  was  concluded  l>y  Loven  that  the  reason  is  that  the  Eastern 
Baltic  has  become  less  salt  and  in  faot  too  fresh  to  admit  of  their 
living  there,  for  they  continue  to  thrive  in  the  Western  Baltic. 

This  conclusion  was  made  a  virtual  certainty  by  the  investigations 
of  Munthe,  who  has  shown  not  only  that  the  shells  last  named 
have  been  completely  excluded  from  the  living  fauna  of  the 
Eastern  Baltic,  but  that  the  habitat  of  all  the  other  marine  species 
now  living  there  has  been  driven  further  south  and  nearer  to  the 
supply  of  salt  water,  since  the  shells  in  the  shell-beds  were  living. 
He  has  further  shown  that  in  the  interval  each  of  these  shells  has 
moved  its  habitat  further  south  in  a  regular  order  and  corresponding 
to  its  capacity  for  tolerating  a  more  or  less  mixture  of  fresh  water 
with  salt. 
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'  Thus,  in  the  black  olays  at  Neder  Ealix,  at  the  yery  head  of  the 
Bothnian  Gulf,  there  have  oCourred  Tel  Una  balihiea,  which  is  now 
found  living  as  far  north  as  Ume a ;  MytUuB  eduliB,  whose  northern 
living  range  is  Ulfon,  south  of  Omskoldsvtk  ;  Cardium  edule  and 
Hjfdrobia  nlva  (Paludinella  balthiea),  which  ooour  living  at  Kristine- 
Btad  in  Finland ;  and  Litorina  mdis,  var.  ienehrosa,  which  does  not 
DOW  extend  beyond  Bomholm.  Litorina  litoreat  which  is  found  in 
the  raised  beds  north  of  Hudiksvall,  and  which  Loven  and  Erdmann 
thought  no  longer  lived  in  the  Baltic,  is  still  found  living  around  the 
isle  of  Rugen. 

Bissoa  membranaeea  (var.)«  which  now  only  reaches  the  meridian 
of  Zealand  in  Denmark,  and  therefore  the  Western  Baltic*  has  been 
found  in  the  shell-beds  of  the  Aland  Islands  and  on  the  opposite 
<x>a8t  of  Sweden.  Serobicularia  piperata,  which  is  not  known  living 
further  than  Wismar  Bay,  has  occurred  in  the  shell-beds  of  North 
Gotland.  Spirorbis  6or«a/t«,  not  now  found  further  than  about 
Tstad,  where  Munthe  says  he  found  it  on  MyUlua,  has  been  found  in 
the  shell-beds  of  Gotland  and  Upsala. 

Memhrauipora  pitosat  var.  membranaeea^  whose  furthest  living 
limits  are  Eristinestad  in  Finland,  and  Ulfon,  between  Hernosand 
and  Omskoldsvik,  in  Sweden,  has  been  found  fossil  by  Munthe  as 
far  north  as  Skellefle^  in  company  with  Mytilue  and  TeUina^  and  with 
the  leaf  of  a  eprucefir. 

The  disappearance  of  Litorina  and  Biasoa  from  the  island  of 
Gotland  was  coincident  with  the  introduction  of  Litnmea  ovata 
into  the  Baltic  fauna.  Loven  found  it  in  some  cases  associated  in 
the  shell-beds  with  the  Lilorinas.  and  he  accordingly  separated 
these  Litorina  beds  into  two  horizons,  one  marked  by  the  presence 
of  Limnaa  and  the  other  by  its  absence.  This  invasion  of 
a  mollusc  (the  Limnaa),  which  can  only  tolerate  a  certain  amount 
of  bi*ackishness  in  the  water  (Munthe  says  it  lives  in  water  with 
liV  parts  of  salt  at  Malmo),  is  another  proof  of  the  change  in  regard 
to  salinity  which  has  occurred  in  the  Eastern  Baltic  since  the  later 
beds  on  its  borders  were  deposited.  This  is  again  supported  by  the 
change  which  has  taken  place  in  the  shells  themselveB,  no  doubt  due 
to  the  same  cause,  l^us  Lindstrom  found  that  the  specimens  of 
Cardium  edule  found  in  the  shell-beds  of  the  Island  of  Gotland 
were  larger  than  those  now  living  there. 

Again,  Munthe  says  that  mussels  of  about  52  mm.  in  length, 
corresponding  to  those  now  found  at  Riigen,  are  met  with  in  the  rained 
shell-beds  as  far  north  as  the  Skelleftea  district  of  Sweden  ;  and  he 
concludes  that  as  the  fauna  of  these  Litorina  beds,  from  the  most 
northerly  part  of  the  Bothnian  Gulf  down  to  Gotland,  corresponds 
most  nearly  to  that  of  the  present  Baltic  between  Bornholm  and 
Warnemiinde,  the  hydrographic  character,  especially  in  regard  to 
salt  of  the  Baltic  Litorina  sea,  corresponded  to  that  now  existing 
in  the  district  in  question,  which  has  a  proportion  of  salt  at  the 
surface  of  0*78- 1-2  per  cent.  Elsewhere  he  says :  **  The  fauna  that 
inhabited  the  Baltic  in  the  Litorina  time  from  the  most  northerly 
point  of  the  Bothnian  Gulf  down  lo  Gotland  oorres\)ond(&  v\i<^%V  xi^^vV^ 
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to  the  present  faona  of  the  oomfMrmtivelj  limited  area  of  the  nine 
•ea  that  lies  between  Born  holm  and  Wamemunde  "  (op.  cit..  pp.  5.6). 

Although  it  18  clear,  therefore,  that  the  water  of  the  Baltic  Ui 
been  growing  more  brackish,  it  is  qoite  clear  alto  that  in  tbe 
Litarina  time  it  was  also  bmckish  bot  not  to  the  tame  extent 
lliis  follows  from  the  fact  that  the  diells  found  in  these  beds  are 
smaller,  in  some  cases  very  much  smaller,  than  those  of  the  same 
species  found  in  the  open  sea,  a  fact  which  Nathorst  has  shown 
graphically  by  giving  us  side  by  side  fignres  of  the  Baltic  Cardiff* 
and  a  Litorina  and  the  same  shells  from  the  open  sea.  It  follows  alio 
from  the  occurrence  of  two  brackish- water  shells  in  these  beds— the 
Paludinella  halthica,  which  is  not  a  salt  bnt  a  brackish-water  ahelli 
and  the  Nerilina  flnviatUia. 

Having  established  that  the  waters  of  the  Eastern  Baltie  have 
become  less  salt  and  more  brackish  in  the  most  reoent  geological 
period,  i.e.  that  now  current,  the  n«xt  question  that  arista  is  as  to 
the  cause  for  this  change.  One  thing  is  clear  enough,  namely,  th«t 
when  the  LitorinoB  were  living  in  the  Eavtem  Baltic  it  oitveretl 
a  larger  space  and  contained  a  larger  quantity  of  water.  Tliis  ii 
plain  from  the  raised  beds  in  which  the  Zitorinas  occor,  which  must 
then  have  been  submerged. 

The  true  Litorina  sea  extended  as  far  as  the  Sound,  for  the  bedi 
found  virtually  at  the  sea-level  at  Malmo  contain  CardimmB  an<i 
LilorinaB  like  those  in  the  Baltic,  llie  same  is  the  case  with  the 
other  side  of  the  Sound,  where  at  Rordam  the  beds  occur  with 
Cardium  edule^  Mytihis  eduUs,  Tellina  baUhica,  lAtorima  liiorea,  and 
Naaaa  reticulata  (Nathorst,  Sveriges  Geologi,  277). 

When  we  go  northwards  into  the  district  of  the  Malar  Sea  we 
find  these  Bhell-beds  at  a  much  higlier  level.  Thus,  Erdniann  in 
18G8  gave  a  list  of  some  of  the  places  where  clay  with  similar 
shells  had  occurred  in  the  district  of  the  Malar  Sea,  with  their  height 
above  the  sea  and  their  distance  from  the  Baltic  (Sver.  Geol. 
Undersokning,  i,  42)  : — 


North  of  Orebro 

South  of  Totla«jon,  near  Arboga 

South  of  KuDp:h(>r 

HiLKslo,  east  ol  AVeHkras  ...         

Enkoping 

North  ot  Ilusby  Church,  in  Nykopingslan 

UpHala,  SluttAbacken         

Sodertelge  ... 

Erdmann  tells  us  that  at  Nyaker,  north-east  of  Upsala,  and  at 
Skattinanso,  a  few  niiicH  north  of  Enkopiug.  there  have  also  occurred 
in  the  black  clays  remains  of  the  bullhead  (Coitus  seorpius), 
a  characteristic  fitfli  of  the  present  Baltic.  Nathorst  tells  us  that  the 
variety  of  the  perch  {Ferca  fluviatHx$)  known  as  the  Baltic  perch 
has  been  found  with  Mytilus  at  Stureplan,  near  Stockholm  (see 
Sveriges  Geologi,  271)  ;  a  grey  seal  (ffalichcertis  gryphus)  was  found 
in  Gotland,  while  a  .skeleton  of  the  whale  I^schricktius  robusttts  was 


Height. 

Distance  from  the  Baltic. 

Feet. 

Myriametres. 

130 

12-15 

100 

10-12 

70 

9 

40 

9 

30-50 

7 

140 

6-7 

140 

5 

40-90 

3 
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foand  in  the  same  beds  in  1859  at  Grason  in  Roslagen  (id,).  The 
blaok  olay  resembleB  the  buttery  olay  which  underlies  the  flat  levels 
of  the  lands  round  the  Wash  in  East  Anglia. 

Erdmann  tells  us  that  this  blaok  clay  is  often  found  intercalated 
with  the  beds  of  gravel  and  rolled  stones  which  form  the  covering 
mantle  of  the  asar,  and  in  some  cases  this  mantle  is  so  full  of  shells 
as  to  be  formed  almost  entirely  of  them.  These  banks  of  shells 
often  occur  without  clay,  and  interbedded  among  the  upper  layers  of 
the  gravels  and  sands,  and  sometimes  with  clay  which  underlies 
them  or  with  the  so-called  akerlera  which  covers  them.  The 
■hells  contained  in  them  are  the  same  as  those  in  the  blaok  clays. 
Erdmann  gives  a  figure  of  the  as  of  Enkoping,  where  these  shell- 
beds  occur  on  a  great  scale,  intercalated  with  beds  of  gravel,  stones, 
and  sand.  At  one  place  the  shell-bed,  several  feet  thick,  consists 
almost  entirely  of  comminuted  shells  of  MytHus  eduHa  and  TellitM 
halthica.  The  shell -beds  are  separated  by  beds  of  gravel  or  barren 
olay  and  sand.  Erdmann  says  that  in  a  great  cutting  through  this 
as  at  Enkoping  there  is  found  the  typical  black  earth  containing 
shells  of  Myiilua  edulis.  The  epidermis  of  the  Mytilns  is  singularly 
well  preserved  in  many  cases  when  the  shells  themselves  have 
entirely  disappeared  (id.,  pp.  96,  97).  After  the  work  just  cited 
was  written  Erdmann  recognized  these  beds  as  far  as  Linde  at  the 
head  of  a  lake  of  that  name  130  miles  west  of  Stockholm,  and  to 
a  height  of  230  feet  above  the  sea-level,  which,  Lyell  argues,  shows 
that  the  Baltic  has  been  separated  for  a  long  time,  as  now,  from  the 
ocean  ("  Principles,"  12th  ed.,  p.  194). 

Again,  in  1873,  Gumeelius  reported  beds  with  shells  of  M.  eduHa 
and  T.  halthiea,  ranging  as  high  as  2oO  feet  above  the  sea- level,  at 
Bondsio,  near  Hernosand,  at  the  mouth  of  the  Angerman  River,  and 
at  Avoka,  near  the  frontier  of  Medelpad.  Miinthe  apparently  found 
these  beds  at  Hernosand  at  a  height  of  330  feet  above  the  sea 
C^Sommarkursernai,  Upsala,"  1893,  p.  16).  Gum»lius  mentions 
T.  baUhiea,  U,  ulva^  a  Z.  rudia  (since  shown  to  be  rudia),  and 
N,  fluviatiltB  as  found  there  (G.  F.  i  Stock.  For.,  i,  233-4).  Hisinger 
found  the  same  beds  at  Djektiebodn  in  Westerbotten ;  Freidholm, 
at  Neder  Ealix  at  the  head  of  the  Bothnian  Gulf,  at  the  height  of 
at  least  110  feet,  and  Hogbom,  at  Lofanger,  and  Ricklea,  from  80  to 
100  feet  above  the  sea-level.  These  contained  fragments  of  Mytilua, 
and  more  sparsely  Tellina  balthicn. 

At  Alnon,  in  62"^  28'  N.lat.,  Munthe  found  the  shell-beds  at  the 
height  of  77  metres,  at  Ornskuldsvik  at  60  metres,  and  at  Neder 
Kalix  at  51  metres  (De  GeerH,  G.  F.  i  Stock.  For.,  xii,  104). 

On  the  borders  of  Finland  and  its  islands  similar  beds  have  also 
been  found.  They  were  first  described  from  the  Aland  Islands  as 
far  back  as  1767  by  Tuneld,  and  since  by  Holm  berg  and  others. 
Eichwald  described  similar  deposits  in  a  fine  sand  along  the  coast 
near  Helsingfors,  and  especially  mentions  Myiilus  edulis  and  Tellina 
hnlthica,  both  small,  Paludina  balthica  (i.e.  Hydrobia  ulvis),  and 
Nerita  flnmatilis  as  found  in  it.  He  mentions  similar  deposits  from 
Vtira  Kyrka  in  the  province  of  Vasa,  on  the  east  oC  iVi^  \^o\.\i\i\dTk 
Grulf,  as  also  affording  fraguwnta  of  MyiUns  edulis. 
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Nortlenskiold  and  Xylander,  in  their  monogrmph  oa  Finniah  shelli 
mention  the  oocanenoe  of  shell -beds  of  this  time  in  the  Alani 
Archipelago,  e.g.,  at  Sodetjonno,  near  Nadendal  (near  Abo), 
Ingo  Island,  at  Kialko,   near  Helsingfora,  and  at   Kampen  ; 
Hchmidt  has  dencribed  the  presence  of  the  beds  with  this  fauna  or=3 
the  shores  of  the  Eastern  Baltic.     He  tells  as  that  thej  are  fonnS 
entirely  covering  the  siMir  at  Karris  in  the  island  of  Oeael,  and  alscs 
thoM  on   the   Isle  of  Worms,  while  the  asar  in  the  interior  ofll 
Esthland  are  free  from  them.     8imilar  beds,  howerer,  are  foun^l 
in  that  province,  along  which  were  once  apparently  inleta  and  galfM 
of  the  sea  np  to  a  height  of  60  feet,     lliey  cover  a  atrip  of  ooantrjT' 
aboot  10  versts  in  width,  and  at  Fickel  form  a  tongne  extending" 
further  inlsnd.     At  Awante  we  apparently  have  the  old  boundary  of^ 
the  sea  forming  a  low  terrace,  and  here  blocks  of  granite  are  foiinA 
mixed  with  HbelU  of  Cnrdium  edule.     Similar  beds  with  the  sam9 
fauna  ex'mi  \u  the  iHlands  of  Nucko,  Woniis,  and  Dnga     In  North 
EMthland  ftimilar  deposits  wash  old  gnlfs  projecting  into  the  lan<l 
such  as  Fahna  and  what  Schmidt  calls  "die  ganse  Baltischporter 
Halbinsel.*'      They  occur   in  long  mounds  of  rolled  gravel,  sand, 
etc.,  and  contain  lAiorinn  litorea  (which  is  no  longer  found  there) 
and   other  species  of    shells    found   in  the  neighbooring    Baltia 
'l*he8e  mounds,  with  the  same  marine  faana,  are  found  as  far  east 
as  Narva,  to  the  east  of  which  there  are  no  such  deposits,  and  this  is  also 
the  eastern  limit  of  living  marine  shells  in  the  Galf  of  Finland. 
Huch  marine  shells,  either  living  or  fossil,  also  entirely  fail  os  in 
the  neighbourhood  of  Lakes  Onega  and  Ladoga,  whose  Cmstaoeans 
atul   fiHh   have  been  8(»metime8  quoted  as  affording  evidence  of  a 
former  communication  between  the  Gulf  of  Finland  and  the  White 
S**a  (Schmidt,  Z.I).(j.G.,  xxxvi,  266,  etc.). 

The  island  of  Gotland  has  been  fruitful  in  discoveries  of  the 
Liiorinn  y>eriod.  Lindstrom  found  in  beds  there,  besides  the 
ordinary  Haltic  Rhells,  Rissoa  labioaa  (?),Litorinn  rudia (^ar, ietiehrota)^ 
and  others,  Spirorbis  borenliBj  and  the  shells  of  Cnrdium  edule, 
larger  in  size  than  those  now  living;  and  Munthe  re^torts  fnun  the 
same  horizon  remains  of  the  seal  HalichcRrm  gryphus.  Munthe 
mentions  Liiorinn  deposits  in  the  north  of  Gotland  at  a  height  of 
27  metres,  and  Lindstrom  names  them  north  of  Wisby  at  24  metres. 

I)e  Geers,  Munthe,  and  Nathorst  have  given  admirable  maps 
showing  the  extent  to  which  the  Liiorinn  sea,  when  at  its  full 
extent,  encroached  upon  what  is  now  land  in  the  Eastern  Baltic. 
lliiH  encroachment  involved  a  considerable  strip  round  the  whole 
east  coast  of  Sweden,  beginning  at  Rarlskrona  and  including  the 
whole  of  the  Gulfs  of  Bothnia  and  Finland  and  the  coasts  of 
EnthlMnd  with  tho  islands  off  it,  and  the  similar  coasts  of  the  island 
of  (xotland.  This  invasion  of  the  present  land  surface  was  especially 
remarkable  in  the  dintrict  round  the  Miilar  Sea  and  round  the  coast 
of  Finland.  It  means  that  the  general  depth  of  the  water  over  the 
area  of  the  Central  and  Northern  Baltic  was  considerably  greater 
in  th«  Liiorinn  sea  than  it  is  now. 

'J'iiJs^  again,  accounts  most  reasonably  for  the  greater  salinity  of 
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lat  sea  in  ancient  times  than  now.  Lomberg  has  analyzed  the 
mdiiions  of  the  present  currents  of  salt  and  fresh  water  in  that 
tt  with  considerable  lucidity,  and  makes  it  dependent  on  the 
"esent  submarine  banks  and  reefs  which  cross  that  sea  and  which 
terfere  with  the  nether  currents,  conditions  which  would  of  course 
>t  be  present  in  the  same  degree  when  the  general  depth  of  the 
ater  was  greater.  Thus  he  says :  '*  The  southern  sill  and  the 
mrowing  between  Saltholm  and  Scania  cause  the  brackish  currents 
om  the  Baltic  to  reach  right  to  the  bottom ;  but  as  the  Sound 
idens  again  these  currents  broaden  and  thin  out  so  that  their 
fects  do  not  stretch  so  deep.  Thus  the  bank  between  Mai  mo  and 
dtholm  forms  a  complete  barrier  against  the  marine  forms,  the 
•nthern  end  of  the  Sound  is  occupied  by  a  brackish- water  fauna,  and 
le  limit  between  this  and  the  deeper  salt-water  fauna  gradually 
ses  nearer  the  surface  as  it  approaches  the  northern  end  of  the 
>nnd  "  (Lomberg,  Meddelanden  fram  Kong.  Landb.,  pp.  43,  44, 
ans.  by  Bather,  Nat.  Science,  xv,  269).  Munthe  has  applied  the 
me  form  of  reasoning  to  the  conditions  of  the  Baltic  in  the  Litorina 
me.  Thus  he  says :  "  The  condition  of  things  was  of  course  most 
vourable  for  the  transfer  of  salt  water  from  the  Gattegat  to  the 
&ltio  at  the  stage  when  the  land  subsidence  in  the  Litorina  time 
id  reached  its  maximum  ....  Kemembering  that  the  Baltic 
isin's  bottom  at  the  Litorina  time  lay  comparatively  deep  below 
iC  surface  of  the  ocean,  we  can  see  that,  especially  at  the  stage  of 
'eatest  subsidence,  the  salt  currents  from  the  Gattegat  must  have 
»en  able  to  force  their  way  much  more  easily  than  at  present, 
^en  across  the  bars,  hidden  under  water,  that  are  to  be  found  in 
e  district  both  at  the  boundary  between  the  Bothnian  Gulf  and  the 
siltic  and  in  North  Quarken.  As  the  results  of  the  Ekman  expedition 
1877  show,  these  hidden  bars,  lying  now  at  a  depth  of  less  than 
)  metres,  hinder  to  an  appreciable  extent  the  influx  of  Salter 
ider-currents.  This  cannot  have  been  to  the  same  extent  the 
se  in  the  Litorina  time,  for  tlie  bars  then  lay  at  a  considerably 
"eater  depth,  viz.,  at  a  depth  of  about  90  and  130  metres 
spectively."  This  seems  to  be  a  quite  rational  and  adequate 
:p1anation  of  the  decreasing  salinity  of  the  Baltic. 
In  concluding  this  paper  may  I  add  a  word  about  another  matter 
some  importance.  In  recent  years  strong  efforts  have  been  made 
r  some,  and  notably  by  Professor  Suess.  to  show  that  the  alleged 
langes  of  level  in  sea  and  land  round  the  Baltic  has  been  due  to 
shifting  of  the  water-level  due  to  aberrant  influences,  and  not  to 
ly  alteration  in  the  earth's  crust. 

The  evidence  of  the  Litorina  beds  seems  quite  inconsistent  with 
is  conclusion,  for  they  are  neither  at  the  same  level  nor  do  they 
ilminate  in  height  in  a  regular  gradation  in  any  direction  ;  but  on 
e  contrary  they  culminate  to  a  point,  i.e.  the  neighbourhood  of 
ernosand,  in  the  Gentral  Baltic,  from  which  they  fall  away  both 
)rth  and  south.     This  is  not  all. 

The  fact  that  the  level  at  which  the  so-called  Litorina  deposits 
cur  increases  considerably  as  we  proceed  from  the  Ba\\\QU^N>i^\^^^^i<^ 
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DoTrefeldt  is  farther  good  aridenoe  tluit  tlie  «levatiaB  wai  not 
iinifonn,  but  miut  have  diminished  am  we  trmTel  eMtwmrd  froin  the 
high  monntaint  towards  the  coast.  Miiiithe*s  rssMreihes  proTs,  ai 
he  says,  that  the  isobases  fi>r  the  Liianma  depoaita  show  a  gndial 
rise  in  tbeir  leTel  from  the  Stockholm  district  inwards  towaidi  the 
central  districts  (id.,  p.  11).  Again,  he  speaka  of  the  npheaiml  of 
the  land  being  greatest  the  farther  one  goes  towarda  the  cestitl 
part  of  Scandinavia.  This  is  in  accordance  with  the  ooncliisiooi  of 
De  Geers.  llie  greatest  elcTation,  in  fiust,  ocoora  between  lati.  62 
and  64,  from  which  it  diminishea  both  northwards  and  soathwardt. 
These  facts  seem  oonclnsive  that  the  shvll-beds  testify  to  an  aoCoil 
alteration  in  level  of  the  solid  cmst  of  the  earth,  and  not  merelj  to 
a  moving  envelope  of  water. 


YI. — SOMB   EXAMPLVS   OF  JoiHTIHO   IN   CbALK. 

By  Claude  H.  B.  Epps,  B.A.,  Tlw  College,  WiachMter. 

(PLATE  XVIII.) 

rpHE  stractnres  described  in  this  note  oooar  in  a  large  dialk-pi^ 
J[     close  to  Hensting  Farm,  by  OwlesbaTj,  near  Winchester.    Tb« 
east  face  is  vertical,  about  forty  feet  high ;  near  the  bottom,  aloofS 
a  well-marked  bed  of  the  Chalk,  some  deposits  of  gravel  and  oUf 
are  exposed  at  varying  distances  from  each  other ;   three  of  thes^ 
sre  smsll,  two  rather  largi*r.     On  the  south  face  there  is  a  simiUr 
deposit  near  the  top  of  the  pit,  but  this  is  inaccessible,  and  no  special 
struct  lite    can    l>e    seen    in    the  surrounding  Chalk  owing  to  it^ 
conversion  into  subsoil. 

Of  the  two  larger  deposits  one  is  almost  bidden  by  debris,  but  t\\B 
other  shows  some  points  of  interest.  It  consists  of  a  ridge  of  sand 
and  clay,  projecting  obliquely  from  the  face  of  the  cliff  for  a  distance 
of  some  eight  feet,  the  surrounding  chalk  having  been  removed ; 
a  little  digging  shows  that  it  is  a  true  '  fossil  watercourse,*  not  merely 
fallen  material.  In  section  it  is  roughly  circular,  about  two  feet 
in  diameter ;  the  greater  part  consists  of  a  dark  brown  sandy  clay 
showing  current-bedding,  with  somewhat  fine  gravel,  the  grains  of 
which  are  not  much  rounded  above,  and  pieces  of  chalk  and  a  few 
flints  which  have  fallen  from  the  roof  of  the  channel  into  the  stream. 

The  Chalk  through  which  the  underground  stream  once  ran  is 
fairly  hard  and  homogeneous,  consisting  of  the  BelemniUUa  qnadrata 
zone ;  it  dips  6^  S.,  hut  the  bedding  is  otherwise  undisturl>ed. 
Several  bands  of  flint  occur  higher  up  in  the  pit,  but  low  down  there 
are  few. 

Within  a  distance  of  seven  or  eight  feet  from  the  deposit  the 
Chalk  shows  strikingly  regular  joints,  which  form  three  distinct  set«. 
The  first  set  ct^nsists  of  roughly  cylindrical  joints,  co-axial  with  the 
deposit ;  the  second  of  radiating  planes,  ]>erpendicular  to  the  first  set ; 
and  the  third  of  planes  transverse  to  the  axis  of  the  deposit.  As 
the  face  of  the  pit  is  oblique  to  the  former  course  of  the  stream 
the  first  set  appear  as  poitions  of  ellipses,  unless  the  observer  is 
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R.tilial  jointing  observed  in  veUUon  to  ancient  watercourses  in  the 
Chalk.  Oulesbury,  near  \\mcV\esto,\>v  "At.C.W..^. Y.^\js.. 
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aoed  OQ  the  axis  of  the  deposit,  when  the  true  shape  can  be  seen 
uoh  better  (see  Plate  XVIII,  Fig.  I). 

The  photograph  aooompanying  this  note  was  taken  from  this 
cial  poiDt  of  view ;  the  ridge  of  sand  and  olay  is,  of  course,  maoU 
reBhortened.  (The  height  of  section  shown  is  about  fifteen  feet) 
wing  to  the  auiformity  of  colour  of  the  chalk  and  the  fact  that 
kost  of  the  joint  faces  were  equally  illuminated,  it  was  necessary, 
i  order  to  get  a  clear  diagram,  to  go  over  every  line  yisible  with 
waterproof  ink,  afterwards  partially  bleaching  the  print;  at  the 
Lsk  of  making  the  diagram  confused  every  line  visible  on  the  print 
I  a  good  light  was  marked,  whatever  its  direction. 

The  cylindrical  joints  can  be  fairly  easily  seen ;  the  radial  joints 
re  best  seen  to  the  left  of  the  central  line ;  the  faces  formed  by  the 
ransverse  joints  are  directed  towards  the  camera,  so  that  the  joints 
bemselves  are  not  visible. 

A  simple  explanation  of  the  formation  of  the  three  sets  of  joints  is 
provided  by  the  fact  that  chalk  is  soluble.  After  the  channel  of  the 
tream  became  choked  by  deposit,  and  the  waters  were  forced  to  run 
Isewhere  (possibly  through  the  other  small  channels  visible  on  the 
aine  level),  the  chalk  by  long-continued  solution  slowly  contracted, 
vhile  beyond  a  certain  point  the  gravel  and  clay  would  not  contract. 
Jnder  these  conditions  it  is  clear  that  three  sets  of  joints  would  be 
brmed  round  a  solid  rod-like  axis  if  the  contracting  material  were 
iomogeneous. 

Plate  XVIII,  Fig.  2,  shows  the  structure  of  the  chalk  round 
wo  of  the  smaller  deposits  which  occur  on  the  same  level  in  the 
)it ;  this  photograph  has  been  treated  in  the  same  way  as  the  first. 
i  similar  explanation  of  this  case  seems  to  be  possible,  though  its 
pplication  is  not  quite  so  easy.  Owing  to  the  band-like  shape  of 
he  deposits  the  chief  joints  radiate  from  points  at  the  ends  of  the 
)auds,  looping  from  one  point  to  the  other,  thus  producing  a  figure 
omewhat  like  the  lines  of  force  of  a  simple  magnet. 


VII. — The  Geological  Physios  op  the  Shallow  Seas. 

By  A.  R.  IIuNT,  F.L.S.,  F.G.S. 

?(INCE  the  year  1871  I  have  been  much  impressed  with  the 
3  interest  and  importance  of  one  of  the  byways  of  science, 
he  problem  of  the  Geological  Physios  of  the  Shallow  Seas. 
iecent  discoveries  in  raised  beaches  have  brought  this  subject 
igain  to  the  front,  and  the  object  of  the  present  paper  is  to  plead  for 
urther  inquiry  by  specialists. 

I  may  briefly  mention  my  own  now  antiquated  papers,  viz., 
'Notes  on  Torbay  "  (Trans.  Dev.  Assoc,  1878)  ;  "The  Formation 
>f  Kipple-mark"  (Proc.  Roy.  Soc,  1882);  "The  Action  of  Waves 
m  Sea  Beaches  and  Sea  Bottoms"  (Roy.  Dublin  Soc,  1885) ;  and 
'On  the  Influence  of  Wave-currents  on  the  Fauna  inhabiting 
Shallow  Seas  "  (Jonrn.  Linn.  Soc,  1884).  With  the  exception  of 
he  Dublin  paper,  the  MSS.  were,  as  a  matter  oi  ia^cX.,  ^etvSkSft^  Vj 
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eminent  matfaematioians,   who   kindly  guarded    me    against    an; 
conflict  between  observation  and  theory. 

It  is  doubtful,  and  indeed  improbable,  that  anyone  has  carefally^" 
read   all  those  papers,   as  geologists  might   be    deterred   by   tha^ 
teohnioal  zoology,   the  zoologists  by  the  technioal    geology,   anib 
physicists  by  both.     The  fact  was  that  the  complex  subject  require<F 
the  attention  of  first-rate  specialists,  and  it  was  utterly  beyond  my 
powers  to  do  justice  to  it,  or  even  to  sufficiently  impress  scientific^ 
men  with  its  real  interest  and  importance. 

So  far  as  I  was  personally  concerned  my  efforts  were  fully 
acknowledged  :  by  election  in  1879  to  the  General  Committee  of 
the  British  Association,  and  in  188^  to  the  Linnean  Society.  But, 
notwithstanding  this,  the  subject  has  been  rather  persistently 
ignored,  and  a  month  scarcely  passes  without  some  crusted  old 
fallacy  being  repeated  in  print  It  is,  however,  absolutely  useless 
to  contradict  the  errors  in  detail 

As  the  question  of  raised  beaches  is  essentially  one  of  marine 
geological  physics,  I  am,  for  the  reasons  given  above,  much 
interested  in  the  problems  suggested  by  the  new  evidenoe,  entirely 
apart  from  any  personal  opinions. 

A  raised  beach  is  obviously  an  ancient  water  margin ;  and, 
according  to  the  character  of  its  deposits,  so  must  have  been  iti 
related  submarine  slope  seawards.  As  a  rule  the  ancient  slope,  or 
sea-bottom,  has  been  subsequently  raised  and  eroded  to  a  much 
lower  level,  and  were  the  land  again  lowered  to  its  ancient  beach- 
level,  the  conditions  would  be  quite  different,  and  the  waves  would 
merely  remove  every  vestige  of  beach-deposit  from  the  old  remnant 
of  a  beach  or  foreshore  platform.  But  in  Ireland,  we  now  learn, 
thanks  to  the  researches  of  Messrs.  Wright  &  Muff,  that  the  present 
recent  shingle  occaBionally  rests  on  an  ancient  ice-scored  beach 
platform  or  its  equivalent,  a  state  of  things  one  might  well  have 
deemed  impossible.  However,  the  fact  must  be  faced.  As  a  raised 
beach  is,  after  all,  a  beach,  to  understand  it  thoroughly  the  student 
must  be  intimate  with  modern  beaches.  In  fact,  a  raised  beach 
student  should  be  geologist,  conchologist,  and  marine  engineer. 
Whether  that  combination  at  present  exists  I  am  not  aware, 
but  its  advantage  was  exemplified  in  the  case  of  the  late 
Daniel  Pidgeon,  who  from  his  knowledge  of  beaches  and 
conchology,  and  being  also  an  engineer,  though  not  a  marine 
engineer,  at  once  discerned  the  unbeachlike  character  of  a  portion 
of  the  Hope's  Nose  beach-deposits.  At  present  beaches  are  being 
keenly  studied  by  marine  engineers,  with  a  view  to  sea  defence 
works.  Most  of  the  details  of  the  forms  and  depths  of  drowned  and 
silted  valleys  are  in  the  ofBces  of  railway  engineers,  in  connection 
with  their  bridges  and  viaducts.  The  present  depths  of  estuaries 
and  submerged  plateaux  are  in  the  large-scale  marine  charts,  while 
the  raised  beaches  are  known  only  to  geologists,  who,  however, 
often  pay  too  little  attention  to  the  shell  fragments  in  the  beach 
deposits.  Even  my  friend  Mr.  Ussher,  who  knows  well-nigh  every 
rock  exposure  iu  South  Devon,  tells  us  of  a  consolidated  bed  of 
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)m minuted  shells  lying  on  one  of  tbe  low-level  beaoh  platforms, 
id  passes  on  without  further  remark.'      Oomminuted  shells  are 
ft  en   quite  enough   for  a  conchologist,   and  might    settle   many 
Qportant  questions.     In  fact,  one  of  the  present  difficulties  is  to 
xx)ant  for  shells   with  a  southern  range  on  Devonshire  raised 
aaohes   of  the  same  levels  as  the  Irish   glacial  beach-platforms, 
ut  that  is  perhaps  a  comparative  trifle  compared  to  others. 
By  a  curious  coincidence  my  friend   Mr.  Lamplugh   published 
is   account  of  the  Bridlington   pre -Glacial  beach   in   a  British 
association   Report   in   1888,   and    I    published   my    own   raised 
each  work  in  the  Trans.  Dev.  Assoc,   in  the  same  year.     Now 
[r.  Lamplugh's  beach,  so  far  as  is  known,  contains  only  a  few 
rdinary  present-day  shells  and  the   mammalian  cave  fauna,  with 
le  addition   of  hippopotamus.     These  deposits  rest  on  a  chalk 
each   platform,  and  are  covered  with  glacial  deposits,  indicating 
reat  cold.     Thus  the  beach  platform  and  the  beach  itself  need  not 
^present  so  cold  a  climate  as  that  which  followed.     But  in  the 
rish  beaches  described  by  Messrs.  Wright  &  Muff,  almost  exactly 
Q  the  level  of  Mr.  Lamplugh's  beach,  we  have,  much  further  south, 
tie  rock   platform   itself  ice-scored,   affording  no  accommodation 
or  hippopotami.      If  both  these  beaches  are   '  pre-some-glacial ' 
as  has  been  neatly  said  by  a  great  geologist),  have  we  to  exalt 
bese  superficial  deposits  to  tbe  8,000  feet  altitude  of  ice  and  snow 
nd  of  aerial  erosion  of  the  most  virulent  type  ?     Then  when  these 
leaches  have  descended  again  to  the  water-level  in  good  preservation 
aust  we  give  them   a  further  dip?     These  acrobatic  oscillations, 
rhich  geologists  summon  to  their  aid  as  lightly  as  they  would  call 
hansom  cab,  absolutely  confound  tbe  beach-student 
If  we  transfer  the  Bridlington  beach  mammalian  fauna  to  Kent's 
/avem,  substituting  beaver  for  hippopotamus,  we  find  their  horizon 
0  be  the  cave  earth  and  upper  stalagmite,  during  the  earlier  part  of 
rhich  period  England  must  have  been  continental  to  admit  of  the 
dvent  of  the  animals.     As  we  find  remains  of  the  cave  mammalia 
•n  beach  platforms  both  at  Bridlington  and  tbe  Gower  Peninsula, 
be  question  arises  whether  the  beach  platforms  were  cut  before 
England  was  continental  and  before  the  arrival  of  tbe  mammalia,  or 
ifter  the  continental  stage,  and  when  the  land  and  sea  had  returned 
o  their  former  levels,     in  the  former  case  the  platforms  and  beaches 
vould  not  be  of  the  same  age,  whereas  in  the  latter  case  they  might 
>e.    Tbe  immense  difference  in  character  between  the  old  crystalline 
md  the  new  granular  stalagmites  in  Kent's  Cavern  is  best  explained 
)y  difference  of  climate.     Under  glacial  conditions  the  formation 
if  stalagmite  would  be  continuous  even  if  intermittent';   though 
his  may  seem  an  Hiberniauisra.     Under  present  conditions  there 
vould  be  alternate  deposition  and  solution.     Water  charged  with 
ime  and  carbonic  acid  entering  the  cave  in  summer  would  dissolve 
carbonate   of   lime,    but   in    the    winter    would    deposit    it.      The 
crystalline    stalagmite    indicates    conditions    dissimilar    from     the 

*  Memoirs  Geol.  Surv.,  No.  356,  p.  68. 
'  E.g.  the  second-hand  of  a  watch. 
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present,  and   may  well   also  indicate  glacial    oondittons.      It      ^^ 
extremely  difficult  to  adjust  the  evidence  of  beacheSy  niaed  beacb^^ 
caves,  and  other  geological  phenomena ;  bat  were  it  not  for  si^      . 
uncertainties  geology   would    not    poeseas    the  intereat  which         ^ 
certainly  has. 

There  are  two  periods  of  indefinite  duration  concerning  whi 
the  Kent's  Cavern  deposits  are  silent,  vis.,  the  time  between 
crystalline  stalagmite  and  the  advent  of  the  hyaena,  and  the  tii 
between  the  close  of  the  granular  stalagmite  (synchronoua  vrith 
disappearanoe  of  h}8Bna)  and  Neolithic  and  modem  timee.     llie-  -^ 
is  also  a  good  deal  of  inferential  evidence  from  the  mollusca  font   :0* 
in  the  cavern,  including  Venus  ehione  and  fuU-sised  Pedem  wsaxtrnt^-^ 
but  induction  from  those  premises  would  most  certainly  be  8oput0</ 
as  merely  speculative.     More 's  the  pity !     One  thing  is  pretty  suir^ 
and  that  is  that  neither  the  Torbay  raised  beaches  nor  Kent's  Cavern 
have  been  submerged  sinoe  the  era  of  the  cave  earth  and  of  the  cave 
mammalia.      At  any   rate,  the  evidence  seems  to  preclude   thai 
possibility. 

I  have  no  desire  to  press  my  opinions  on  anyone,  nor  to  contest 
the  opinions  of  anyone,  but  I  have  tried  to  keep  these  geological 
physical  problems  alive  in  the  hope  that  someone,  some  day,  will 
work  them  out.     They  are  certainly  worth  the  attempt 

For  more  than  thirty  years  I  have  seen  from  my  house  what  if 
perhaps  the  most  intricate  assemblage  of  beaches,  raised  beachet, 
platforms,  shelves,  Ehore  ledges,  foreshores,  submerged  forests,  and 
drowned  valleys  that  can  be  seen  from  any  one  spot  in  England. 
I  cannot  forget  tbem,  for  I  cannot  look  out  of  the  window  without 
having  them  actually  or  mentally  before  me.  In  the  middle 
diHtance  is  the  limestone  plateau  of  Daddy  Hole  Plain,  a  true 
plane,  not  a  peneplain;  be3'ond  the  bay  with  its  submerged  plaia 
of  many  square  mih-s,  as  flat  as  a  billiard  table,  is  the  platform 
or  terrace  of  Berry  Head,  overhanging  the  shore  ledge  and  raised 
beach  near  the  old  Naval  Hospital.  This  terrace  can  be  traced  by 
the  eye  as  far  as  Galmpton  Common,  where  it  serves  for  golf-links; 
and  beyond  it  is  seen  the  drowned  and  partly  8ilte<l-up  valley  of  the 
Dart.  Following  the  line  of  the  coast  we  cross  the  fi11ed-up  valley 
Ht  Goodrington,  and  passing  the  level  and  truncated  headlands  of 
Koumlham  Head,  Livermead  Head,  and  Corbons  Head,  we  leave  the 
Huhmerged  forest  at  Torre  Abbey  sands  and  the  terrace  of  the 
Waldon  Hill,  to  reach  the  filled-up  submerged  valley  of  Fleet 
Street,  Torquay.  With  the  mind's  eye  we  can  see,  through  the 
intervening  hills,  the  raised  beaches  at  Hope's  Nose  and  the 
Thatcher  Kock,  and  the  higher  platform  of  the  Babbiconibe  Downs, 
hIho  usefnl  as  golf-links.  By  the  same  means  we  can  visualise 
the  almolutely  level  'continental  shelf*  of  the  l>ottom  of  Torbayi 
rnnning  out  at  right  angles  to.  and  falling  rapidly  into,  the  gentle  . 
seaward  Ml()[>e  of  the  Great  West  Bay.  We  also  mentally  take 
note  of  Kent's  Cavern  and  of  the  several  caverns  at  Brixham* 
Further  inland  we  have  the  higher  lands  in  which  aerial  erosion  has 
obticumcl  any  traces  there  may  be  of  marine  erosion. 
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So  far  as  ray  experienoe  goes,  there  is  no  Englishman  who  takes 
lively  interest  in  all  these  phenomena,  but  perhaps  some  day 
.  Nansen  will  look  at  them  in  the  light  of  his  profound 
[aaintanoe  with  the  more  fully  developed  marine  sculpturing 
Scandinavia. 

rhe  Torquay  marine  platforms  and  shelves,  drowned  valleys, 
1  submerged  forests  are  duplicated  remarkably  on  the  coast  of 
lloway,  and  curiously  enough  the  headland  corresponding  to 
rry  Head  is  called  the  Burrow  Head  I 

[f  we  examine  an  ordinary  map  of  the  South  of  England  we 
dl  note  that  the  Lizard  Head,  Prawle  Point,  and  Portland  Bill 
>  nearly  in  line,  the  Prawle  Point  projecting,  with  deep  bays 
tb  east  and  west  of  it ;  both  the  Lizard  and  the  Prawle 
Hng  stoutly,  and  apparently  almost  perfectly,  resisted  the  attacks 
the  waves.  We  see  in  the  rocky  foreshore  at  the  Prawle,  nearly 
[jaarter  of  a  mile  from  high-water  mark  to  the  furthest  reef 
covered  at  low  tide,  how  hard  the  fight  has  been.  This  four 
ndred  yards  tidal  platform  cut  in  the  bard  metamorphic  rocks  of 
9  Prawle  district  is  a  very  significant  phenomenon.  If  we  follow 
9  line  of  coast  eastward  we  find  the  great  resistance  collapses  when 
9  metamorphic  rocks  are  passed,  but  minor  resistances  will  be 
ticed  at  Froward  Point,  near  Dartmouth,  and  in  the  massive 
aestones  of  Berry  Head.  Then  resistance  is  for  a  time  entirely 
eroome,  and  the  sea  forces  its  way  due  north  across  the  present 
trance  of  Torbay  to  Hope's  Nose  and  beyond,  where,  however,  we 
ed  not  follow  its  victorious  career.  The  south-westerly  gales 
viiig  failed  to  overcome  the  massive  Berry  Head  limestones, 
•wu  Channel  easterly  gales  attacked  the  new  line  of  coast,  at  right 
gles  to  the  original  course  of  marine  erosion,  and  out  out  Torbay. 
>w  it  is  clear  that  the  northern  Torbay  raised  beaches  could  not 
ist  till  the  coastline  had  reached  their  positions,  nor  could  the 
athern  Torbay  raised  beaches  exist  till  after  the  east  and  west 
osion  of  Torbay  had  made  much  progress.  Thus  the  erosion  that 
jk.  place  between  the  first  attacks  on  the  Prawle  coast  and  the 
rmation  of  the  Torbay  beaches  is  a  measure  of  the  time  that 
»psed  between  those  two  events;  and  the  subsequent  erosion  of 
>rbay  westward  and  of  the  great  west  bay  northward  is 
measure  of  the  time  that  has  elapsed  since  the  formation  of  the 
>rbay  raised  beach  platforms  or  'shore  ledges.'  The  latter 
lount  of  time  elapsed  carries  us  back  to  a  period  when  Trophon 
meatus  was  abundant  in  the  English  Channel,  whereas  now  it  is 
sent  therefrom.  But  how  much  further  back  does  the  earlier 
riod  of  erosion  take  us  ?  That  is  the  question.  But  that  remote 
riod  witnessed  the  commencement  of  marine  erosion  on  the 
rawle  coastline. 

Geologists  make  free  with  local  elevations  and  subsidences,  but 
e  fact  seems  clear  that  at  Bridlington,  in  the  Prawle  district,  and 
i  the  south-east  coast  of  Ireland,  sea  and  land  at  these  distant 
oalities  are  now  within  a  few  feet  of  the  levels  they  ocoupied  in 
,6  remote  Pleistocene  past. 
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I  sometimes  wonder  whetber  the  time  is  imTooablj  p«wed.  and 
the  opportanity  irretrieTably  lost,  for  these  problems  to  be  solrei. 
Not  only  has  the  resistance  to  these  problems  on  the  part  of 
scientific  authorities  been  most  marked  in  my  own  case,  hot  tfaa 
whole  aims  and  objects  of  the  British  Association  for  the  AdTsnoe- 
ment  of  Science  by  Research  have  been  altered.  The  Association  is 
now  openly  advocating  the  principle  of  teaching  by  professional 
men.  A  leadinp^  scientific  weekly  rejoiced  that  the  Association  was 
no  much  more  in  the  hands  of  professionals  at  Cambridge  in  190^ 
than  it  was  at  Cambridge  in  1862 ;  and  I  cannot  bat  acknowlei^ge 
that  subjects  which  won  for  me  the  Greneral  Committee  in  1879 
wonid  not  now  find  me  a  place  on  a  Sectional  Committee.  I  cannot 
pretend  to  say  that  I  do  not  regret  it.  I  regret  it  Tery  modi,  not 
fnr  my  own  sake,  but  for  the  sake  of  what  seems  to  me  a  mo«tt 
profitable  object  of  research,  a  subject  which  in  the  hands  of  8Qch 
men  as  Lyell,  De  la  Beclie,  God  win- Austen,  and  Daniel  Pidgeon 
would  have  borne  much  fruit :  for  in  science,  as  in  agrioulturOf  the 
ha^^'est  must  be  gathered  when  the  crops  are  ripe;  missed 
opportunities  often,  nay  generally,  do  not  recar. 

VIII. — On  thk  Relation  of  thb  Sands  and  Clays  of  Dobset 
AND  Hants  to  thosb  of  Bovey  Tbacey. 
By  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 

TIIAVE  read  with  interest  Mr.  Lowe's  article*  on  Devonshire 
geology,  in  which  he  discusses  the  question  whether  the  Bovey 
l»f*<l8  are  Miocene  or  Eorene,  and  what  may  be  their  relation  to  the 
Ilaniphliiro  and  Dorsetsliire  Lower  Bagfihots. 

In  fnnner  years  I  have  bad  some  acquaintance  with  the  Hants 
and  DorKet  beds,  and  I  have  seen  the  Hovey  deposit  and  was  struck 
with  their  hiiniiarity.  1  am  much  impressed  with  the  weight  of 
Mr.  Lowe's  objection  that  the  enormous  amount  of  detritus  repre- 
sented by  the  sands  and  clays  extending  from  Bournemouth — or  we 
may  even  hay  from  Wliitecliff  Bay,  J.W. — to  Bovey  can  hardly  have 
been  derived  from  so  small  an  area  as  Dartmoor. 

My  own  im])re8sion  is  that  there  once  existed  an  area  of  plutonic 
rocks  in  the  ('hannel  which  supplied  the  clays  and  sands  of  the 
Hants  and  Dorset  Bafijshots.  We  know  not  to  how  great  a  distance 
the  southern  edge  of  those  beds  may  have  originally  extended. 
As  far  as  they  are  exposed,  from  Blackdown  west  of  Dorchester  to 
\Vhite(;liir  Bay,  they  are  truncated  by  a  great  upcast  fault  They 
may,  for  auj^lit  we  know,  have  once  extended  to  the  foot  of  a  granitic 
range  now  no  more.  The  surface  contour  of  the  area  south  of 
their  basset  edge  must  have  been  profoundly  altered  by  that  great 
disturbance,  and  there  is  no  imi>os8ibility  in  there  having  been 
a  lake  or  lagoon  in  which  Bagshots  were  dejwsited  where  no^ 
(Cretaceous  and  Jurassic  strata  have  been  protruded.  Such  an 
explanation  of  the  phenomena  would  bring  the  Hants  and  Dorsft 
Bagshots  into  the  same  category  with  the  Bovey  deposit,  both  heiug 

>  See  Geol.  Mao.,  June,  1905,  p.  269. 
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he  washings  of  granite  uplands,  standing  respectively  in  near 
)roximity  to  the  areas  of  deposition. 

I  believe  the  idea  of  a  granitio  soaroe  in  what  is  now  the  Channel 
irst  occurred  to  me  from  observing  many  crystals  of  pink  felspar, 
^ery  little  rolled  or  broken,  lying  on  the  surface  of  the  heath  a  few 
niles  east  of  Dorchester.  This  was  more  than  fifty  years  ago ;  but 
!  think  the  locality  will  be  found  near  the  spot  marked  "Dick  of 
he  Banks  "  on  the  ordnance  map.  Unless  I  am  mistaken  the  felspar 
»f  Dartmoor  is  white  or  grey,  so  that  these  crystals  being  pink 
>ointB  to  a  different  source  of  origin.  Boulders  of  plutonio  rocks 
MMur  on  the  shore  at  Selsea,  showing  that  such  rocks  must  have 
txisted  in  the  Channel  area. 

As  to  the  question  whether  such  a  subaerial  source  of  granitic 
letritus  as  I  have  suggested  can  have  existed  in  the  Channel  area 
luring  Eocene  times,  we  find  that  Godwin- Austen  considered  the 
channel  to  be  a  valley  of  depression,  and  thought  that  it  might  have 
>een  dry  land  until  Pleistocene  times;  while  his  contour  chart  of 
he  sea  bottom  shows  a  remarkable  shoal,  rising  within  seven 
athoms  of  the  surface,  nearly  opposite  the  eastern  end  of  the  Isle 
\t  Wight.^  May  not  this  indicate  the  position  of  the  remnant  of 
\  former  boss  of  granite  ? 


I^  Es  V I E  ^vsT  s. 
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DU  NoBD.  2nd  memoir.  By  Professor  L.  Dupabo  and  Dr.  F. 
Pbabce.  Mem.  Soc.  de  Phys.  et  d'Hist.  Nat.  de  Geneve, 
vol.  xxxiv,  p.  383  (1905).  pp.  219,  1  map,  5  plates,  30  figures, 
and  29  cuts  in  text. 

rHE  first  part  of  this  memoir,  dealing  with  the  physiography  of 
the  Northern  Urals  and  the  petrography  of  Mount  Koswinsky, 
appeared  in  1902,  in  an  earlier  fascicule.  Like  it,  that  before  us 
exhibits  the  most  conscientious  elaboration  of  every  detail,  especially 
)etrographic — possibly  sometimes  carrying  this  almost  to  an  excess 
—and  describes  the  Tilai-Eanjakowsky-Cerebriansy  chain,  with  the 
)etrography  of  its  rocks  and  their  modes  of  occurrence  from  west  to 
tast,  from  the  watershed  between  the  two  continents  up  to  the  Devonian 
>f  Eoswa.  It  contains  illustrations  of  scenery  which  confirm  the 
mpression,  produced  by  the  former  part,  that  for  a  comparatively 
nountainous  region  it  is  bare  and  rather  monotonous.  Its  rocks 
>f  deep  -  seated  origin  are  :  (a)  pyrozenites  with  olivine  and 
nagnetite ;  (6)  gabbros  of  various  types  and  structures,  often  con- 
aining olivine;  (c)  gabbros  with  uralite and  diorites:  the  hornblende 
kbundant,  the  olivine  rare  ;  (d)  norites  with  hypersthene  and 
liallagic  diopside;  (e)  dunites  with  partially  scrpentinized  olivine 
md  chromic  iron.  The  dyko  or  vein  rocks  are :  (a)  dunites,  often 
nore  completely  serpentinized;  (6)  berbaohites  (granular  aggregates 
}f    diallage,    magnetite  and   Labrador  felspar)  ;    (c)    hornblendic 

»  •*  On  the  VaUey  of  the  English  Channel";  Q,.3.G.^.,^o\.n\, 
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pegmatites ;  (#2)  garewaites  (grannlar  aggregates  of  oliTiiie,  btiio 
plagioclaae,  and  chrome-iron,  with  porphyritic  crystals  of  pyroxene). 
Bocks  composed  largely  of  the  last  mineral,  which  freqaently  belongi 
to  the  diopside  division  (or  occasionally  hornblende),  seem  to  be  very 
characteristic  of  the  northern  part  of  the  Ural  chain.  The  former 
memoir  distingiiishe<l  one  of  these,  composed  of  lamellar  pyroxene^ 
with  olivine,  magnetite,  and  some  hornblende,  by  the  name  koewite, 
and  the  present  one  describes  and  figures  other  examples,  together 
with  tilai'te,  a  granular  rock,  consisting  of  pyroxene  (chiefly),  with 
magnetite  or  spinel,  a  little  plagioclase  felspar,  and  occasioDAl 
representatives  of  the  following :  olivine,  hypersthene,  homhlende, 
and  btotite.  The  rock  evidently  is  intermediate  between  the  trae 
pyroxenites  and  the  gabbros,  to  one  or  other  of  which  it  may  incline. 
Chemical  analysis  shows  it  to  be  richer  in  alumina,  lime,  and  silics. 
but  poorer  in  magnesia  than  the  picrites,  while  it  is  richer  in  lime  and 
silica,  and  poorer  in  alumina,  lime,  and  magnesia  than  the  troktolitee. 
Thus  the  coinage  of  a  new  name  is  justifiable.  The  rooks  of  the 
Northern  Urals  evidently  contain  some  very  interesting  types,  and 
Professors  Duparc  and  Pearoe  deserve  the  gratitude  of  students  for 
their  exhaustive  memoirs.  T.  Q.  B. 


11. — Ls  MiNERAi  DE  Feb  de  Troitsk.  By  Professor  L.  Dcpabo 
and  Professor  L.  Mbazec.  pp.  115,  6  plates,  2  geological 
maps,  and  13  figures  in  text.     (St  Petersburg,  1904.) 

RATHER  thick  banks  of  magnetite  are  worked,  at  more  than  one 
place,  near  the  village  of  Troitsk,  in  the  Urals,  at  the  junction 
of  a  granite-porphyry  and  a  black  schistose  rock,  referred  to  the 
Lower  Devonian.     M.  Krasnopolsky  gave  a  short  description  of  the 
district  in  1889.     He  and   Professor  Mrazee  now  publish  a  more 
minute  account,  accompanied   by  full   petrographical  and   mineral 
details,  proposing  an  hypothesiti  to  explain  the  presence  of  the  ore 
that  in  found  to  occur  as  enclosures  in  the  granite- porphyry  as  well 
as  in  layers  which  are  separated  by  bands  of  '  corneenue '  variable  in 
thickness.     Of  the  latter  there  is  more  than  one  type,  of  which  they 
give  {>etrographical  studies,  assigning  its  metamorphism  to  the  granitic 
rock,  whicli  also  is  fully  noticed.    Tlie  Devonian  strata  are  shown  to 
be  considerably  more  recent  than  the  '  corneenne.'     As  the  authors 
agree  with  Professors  Michel-Levy,  Barrois,  and  La  Croix  in  attri- 
buting  important   chemical   changes   to    the    action    of    intrusive 
rocks  like  granites  (admitting,  however,  that  there  are  two  sides  to 
the  shield),  they  offer  the  ibllowing   explanation  of  the  presence 
of  the  magnetite.     This  was  introduced  into  the  'oorneennes*  by 
the  ma^ma  which  furnished  the  granite- porphyry,  but  its  |X)sition  is 
due  to  the  action  on  the  sedimentaries,  and  comes  from  a  fixation  iu 
them  of  the  iron,  derived  from  that  magma.     They  believe  the  latter 
to  have   mounted  slowly,    and  to   have   formed,    under   orogenetic 
)ireKsures,  a  kind  of  laccolite  which  absorbed  some  of  the  covering 
rocks  and  developed  the  magnetite  in  adjacent  masses,  thus  forming' 
the  zones  of  ore  near  the  contact.     Then  increased  pressure  ruptured 
the  covering  rocks,  tgecting  a  (quantity  of  magma,  and  enveloping^ 
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£Vfiginent8  of  them  already  mineralized,  thus  forming  the  ore  deposits 
surrounded  hy  the  granite- porphyry.  The  crystal  lization  of  that 
srook  then  heoame  oomplete,  after  which  the  mass  was  elevated 
and  exposed  to  denadation  daring  the  formation  of  the  Devonian 
rocks,  and  at  later  periods  was  affected,  as  described,  by  other  earth 
i3iovements.  The  explanation  is  not  without  its  difficulties,  which 
43annot  be  stated  in  a  few  words,  but  that  does  not  affect  the  value  of 
^he  treatise  as  a  conscientious  pieoe  of  work,  and  a  history  of  a  very 
xemarkable  mineral  deposit  T.  G.  K 

IIL — Dr.  0.  Abbl.    Fossil  Sirenia  of  Austria. 

DiB    SiRKHKN   DBB  MBDITERRANBN  TbRTIARBILDUNOEN   OsTERREIOHS. 

— Abhandlungen  der  k.k.  Geologisohen  Beichsanstalt.  Bd.  xix, 
Heft  2,  pp.  1-223,  with  7  plates  and  26  text -figures. 
(Vienna,  1904.) 

THIS  is  perhaps  the  most  valuable  memoir  on  the  Sirenia  that  has 
appeared  for  some  years,  for  although  from  the  title  it  might  be 
Bupposed  to  deal  only  with  the  fossil  Sirenia  from  the  Austrian 
tertiaries,  this  is  far  from  being  the  ease.     The  author  first  discusses 
in    considerable    detail    the    limits    of    the    genera    Malitherium, 
Jfeiaxytherium,  and  Felnnotherium,  and  describes  the  peculiarities  of 
their  skeletons  and  teeth.     He  points  out   that  these  genera  are 
a  Bucoession  of  forms  passing  more  or  less  one   into  the  other. 
HalUherium    ranges     from     Upper    Eocene    to    Lower    Miocene, 
Metaxytherium  from  Lower  Miocene  to  Pliocene,  while  Felsinotherium 
is  confined  to  the  Pliocene.     In  the  second  part  of  the  memoir  the 
writer  describes  in  detail  remains  of  HalUherium  ChristoU,  Metaxy- 
therium KrahtUetzi,  and  M,  Petersi  from  the  Austrian  Miocene. 

The  third  part  of  the  memoir  is  perhaps  the  most  valuable  and 
interesting.  It  consists  of  a  discussiun  of  the  modifications  of  the 
Sirenian  skeleton  from  the  earliest  known  forms  from  the  Middle 
Eocene  of  Egypt  to  the  types  still  existing.  Each  of  the  important 
parts  of  the  skeleton  is  oonflidered  in  turn,  and  it  is  shown  that 
in  each  there  has  been  a  gradual  modification  in  a  definite  direction. 
Thus  the  earliest  types  possess  a  full  set  of  incisors  and  canines 
which  disappear  in  the  later  forms,  their  place  being  taken  by  the 
horny  covering  of  the  front  of  the  jaws,  though  in  some  cases  a  pair 
of  tusks,  probably  equivalent  to  the  second  incisors,  may  persist. 
In  the  molars  there  is  a  gradual  increase  of  complexity  rcHiilting 
from  the  addition  of  secondary  tubercles  to  a  primitively  bilophodont 
tooth,  each  transverse  crest  of  which  consists  of  a  pair  of  cusps. 
Still  more  important  are  the  changes  that  are  shown  to  take  place  in 
the  pelvis.  For  the  first  time  the  author  figures  and  describes 
a  Sirenian  pelvis  in  which  all  the  elements  are  oomplete,  the 
obturator  foramen  being  entirely  enclosed  by  the  ischium  and  pubis 
as  in  ordinary  land  mammals.  This  primitive  form  of  pelvis  is 
found  in  Fothertum  from  the  Mokattam  Limestones  (M.  Eocene) 
of  Cairo,  a  Sirenian  first  described  by  Owen  from  the  cast  of 
a  cranial  cavity,  and  its  discovery  is  a  great  step  towards  brid^in^ 
the    gulf    between    the    Sirenia    and    their    lett^ftlneX    wv^^^\«t^^ 
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Eoiherium  clearly  mast  have  possessed  a  fnnctioiial  femur  whidi 
was  probably  Dot  employed  exclusiyely  in  swimming,  bat  shows 
that  this  undoubted  Sirenian  may  have  been  to  some  extent 
amphibious.  Moreover,  this  pelvis  is  extremely  similar  to  that  of 
Mctriikerium,  a  nearly  oontemporary  Probosoidean,  a  circamstance 
that  ooDstitutes  another  piece  of  evidence  in  favour  of  the  view  that 
the  Siren ia  and  Proboscidea  have  a  common  origin. 

Finally,  the  fourth  part  of  the  memoir  is  devoted  to  the  ooo- 
sideration  of  the  genus  Metaxytherium,  and  the  result  that  the 
author  arrives  at  is,  that,  while  ManaUu  is  in  many  respects 
different  from  the  other  members  of  the  group,  Eoikerimwuj  Eotiren, 
ITcUitherium,  Metaxytherium,  Feliinotkerium,  HcXiooTt^  and  BftyttM 
form  a  closely  related  series. 

The  memoir  is  illustrated  by  excellent  photographic  plstefl 
illustratiug  some  of  the  more  important  series  of  modifications  in 
different  elements  of  the  skeleton.  C.  W.  A. 


Obolooioal  Sooikty  of  LoNDoir. 

L— May   10th,   1905.— R.    S.    Herries,   M.A.,   Vioe-Preeident,  m 

the  Chair. 

The  Chairman  announced  that  the  Council  had  resolved  to  award 
the  Proceeds  of  the  Daniel  Pidgeon  Fund  for  1906  to  Thomas  Vipond 
Barker,  B.A.  Oxon.,  who  proposes  to  investigate  the  deposition  of 
crystals  of  minerals  and  other  substances  in  regular  position  on  each 
other,  with  special  reference  to  such  groups  as  those  of  calcite, 
barytas,  aragouite,  etc. 

The  following  communications  were  read  : — 

1.  "The  Geology  of  Dunedin  (New  Zealand)."  By  Patrick 
Marshall,  M.A.,  D.Sc,  F.G.S. 

The  paper  opens  with  an  account  of  the  physiography  of  Otago 
Peninsula  and  the  adjacent  mainland,  in  which  the  origin  of  the 
land-forms  is  briefly  discussed.  The  author  then  passes  on  to 
a  detailed  account  of  the  petrography  of  the  district.  The  age  of  the 
oldest  rocks  seen,  mica-schists,  is  not  definitely  known ;  they  have 
been  referred  to  the  ArchsBan  and  to  the  Silurian  systems.  They 
are  followed  by  about  1,000  feet  of  Tertiary  sandstones  and  lime- 
stones, which  contain  sufficient  fossils  to  class  them  with  the 
Oamaru  system  of  Oligocene  age  (Hutton)  and  with  the  Cretaoeo- 
Tertiary  of  the  Geological  Survey.  Fine,  plant-bearing  shales 
succeed  unconformably ;  and  upon  these,  again,  rests  a  pumice  or 
li^ht  scoria  bed.  These  rocks  are  in  their  turn  covered  by  the 
igneous  rocks  next  described. 

Tlie  rocks  described  include  an  ill-exposed,  gold-bearing  syenite; 
a  diorite,  with  an  uneven  and  weathered  surface,  underneath  the 
lavas  ;  rhomb-i)or|)hyry  containing  anorthoclase,  and  partly  intrusive, 
partly  interbedded ;  tinguaite,  in  the  form  of  dykes ;  hypabyssal 
tracJjydoIerite,  containing  wevheline  and  SBgirine,  and  sometimes 
BodaXiiQ  and  analolle;   a  VeftCi\i^ii\\*i  ^^V^\  ^\A  Vxw^Xi^tA,  noUbly 
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lacking  in  ferromagnesian  minerals,  ocourring  in  dykes  and  lava- 
flows.  A  large  number  of  trachytoid  pbonolites  ooour  in  the  form 
of  interbedded  sbeets;  tbey  are  divided  by  the  author  into  five 
principal  varieties,  one  of  which  bears  leucite.  Nephelinitoid 
phonolite  is  rare.  A  considerable  number  of  rocks  are  classified  as 
trachydolerites  apparently  occurring  as  lavas.  The  andesites  are 
characterised  by  hornblende  and  augite,  with  little  or  no  olivine; 
basanite  is  restricted  in  its  occurrence.  Dolerites  of  two  principal 
types  ooour  in  dykes,  one  type  being  the  commonest  of  all  the  rocks 
in  the  area.  There  are  many  lava-fiows  and  some  dykes  of  basalt ; 
and  one  melilite  basalt  is  found  in  the  extreme  north  of  the  district. 
A  note  is  appended  on  the  economic  application  of  these  rocks. 

A  considerable  series  of  chemical  analyses  follows,  showing  that 
the  silica  percentage  varies  from  66  in  the  Portobello  trachyte  to 
44*84  in  one  of  the  dolerites.  The  petrographical  differences  are 
ooinoident  with  the  chemical  differences,  and  the  rocks  are  generally 
similar  to  rocks  of  the  same  classes  in  other  parts  of  the  world, 
and  more  particularly  to  those  of  East  Africa.  A  classification 
is  attempted,  according  to  the  methods  proposed  by  Pirsson, 
Washington,  and  Iddings ;  but  the  author  concludes  that,  in  his 
case,  this  classification,  while  grouping  the  rocks  according  to  their 
chemical  relationship,  is  unsatisfactory  from  a  geological  standpoint 
The  chemical  composition  of  the  rocks  is  further  represented  in 
diagrams  constructed  according  to  the  method  employed  by  Hobbs. 
These  diagrams  show  clearly  the  chemical  differences  between  the 
alkaline  and  the  basic  series,  and  the  extent  to  which  this  hiatus 
is  bridged  over  by  the  trachydolerite  and  basanite.  The  series, 
however,  does  not  show  a  gradation  similar  to  that  described  by 
Professor  Brogger  in  the  Christiania  rocks. 

In  the  concluding  section  of  the  paper  the  relative  ages  of  the 
volcanic  rocks  are  worked  out,  so  far  as  possible.  The  order  does 
not  appear  to  be  explicable  on  any  theory  of  magmatic  differentiation, 
but  it  is  suggested  that  it  may  be  due  to  the  mixing  of  magmas 
before  and  during  eruption. 

2.  "The  Carboniferous  Limestone  of  the  Weston-super-Mare 
District."  By  Thomas  Franklin  Sibly,  B.Sc.  (Communicated  by 
Dr.  A.  Vaughan,  B.A.,  F.G.S.) 

The  Carboniferous  Limestone  of  the  Weston  Worle  Hidge  includes 
the  greater  part  of  the  Syringothyns  zone  (C),  extending  from  the 
'  laminosa  dolomites  *  upwards,  and  a  large  part  of  the  Seminula 
zone  (S).  While  the  dip  of  the  rocks  of  the  ridge  is  towards  the 
south,  a  reversed  fault  throws  the  Syringoihyris  Beds  on  the  south 
against  the  Seminula  Beds  to  the  north,  and  the  latter  rocks  are 
overfolded  on  the  north  side  of  the  fault.  To  the  south  of  the 
fault  there  is  a  sequence  from  Ci  to  S,;  to  the  north,  S  only  is 
represented.  The  lower  part  of  Ci,  consisting  of  the  *  laminosa 
dolomites '  and  the  *  Caninia  Oolite,'  resembles  the  equivalent  part  of 
the  Clevedon  sequence,  and  indicates  shallow-water  conditions; 
the  upper  part  of  C,  consisting  of  a  thick  mass  of  foatiiUfetovv^ 
limestone,  closely  resembles  the  correspond'n\g  part  ol  W\^  ^vwrvw^wv 
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sectiofi,  and  indicates  the  predominanoe  of  a  Hendip  fndm,  Hodi 
dolomite  ocean  in  the  lower  part  of  S,  indicating  shallow- watrr 
conditions  during  part  of  Seimuuia  time.  There  is  a  diftinet 
development  of  the  BemireiienlaimM  sabn>ne  (S|>,  which  exhihiu 
a  fannal  overlap  between  0  and  S ;  and  the  base  of  S|  is  remarkable 
for  its  rich  and  varied  fauna. 

The  Woodspring  Ridge  shows  a  sequence  from  the  Upper 
Zaphrentii  zime  (Zj)  to  the  top  of  Ci,  the  whole  aeqaenoe  beinff 
exactly  similar  to  that  of  Clevedon.  In  this  ridge  the  contemporsneooi 
ifi^eous  rocks  occur  in  horizon  7.  In  the  Weston  Worle  RiHg9 
they  are  ])ut  above  the  '  Caminia  Oolite/  that  is,  abnnt  4o0  feet 
below  the  top  of  C.  It  is,  therefore,  evident  that  there  were  two 
periods  of  volcanic  activity,  one  of  which  oocnrred  at  the  dose 
of  ZaphrenttB  time  and  the  other  early  in  Spiugoihjfri$  time.  Kotei 
are  given  on  the  faunal  sequence. 

n.— May  24th,   1905.— J.  E.  Marr,  Sc.D.,  F.R.8.,  Presidenl.  in 
the  Chair.     The  following  communications  were  read  :— 

1.  "  On  the  Igneous  Rocks  occurring  between  St  David's  Hesd 
and  Strumble  Head  (Pembrokeshire)."  By  James  lucent  EUdeo, 
B.Sc.,  F.G.S. 

The  author  finds  that  the  contemporaneous  lavas  of  the  Llaniiin 
area  agree  generally  in   character   with    the    eruptive    rocks  of 
apparently  Ordovician  age  in   the  Strumble   Heaii  and   Presoellj 
districts.     These  are  all  of  an  essentially  acid  type.     The  intrasi^e 
rocks  of  the  area  are  uf  later  date,  and  belong  to  three  distinci 
types  : — (I)  The  gabbros  and  diabases  of  the  Strumble  Head  area; 
(2)   the  noiites  aud  associated  rocks  of  St.  David's  Head  and  the 
hiirroiiDdiiig  district;  and  (3)  the  litne-bostonites  and  porphyritee  of 
the  Abercastle  Mathry  district.    Detailed  petrographical  descriptiouB 
of  the  different   types  are  given,  accompanied  in  many  cases  by 
analyses  and  comparisons  with  corresponding  or  related  rocks  of 
other  areas.     The  lime-bostonites,  which  have  affinities  with  those 
of  Maena  described  by  Briij^ger,  but  are  much  more  basic  than  tiie 
Wicklow  keratophjres,  are  apparently  the  oldest  of  the  intrusive 
rocks,  and  seem  to  belong  to  the  petrographical  province  of  South- 
Eastem  Ireland.     I'he  gabbros  and  norites  were  intruded  approxi- 
niat(«ly  during  the  same  interval ;    at  a  later  period  the  norites, 
enstatite-diorites,  and   the  rest  of  the  rocks  associated   with  them 
spread  north-eastwanl  from  St.  David's  Head,  and  penetrated  the 
area  of  the  Strumble  Head  intrusions.     Similarly,  the  gabbros  and 
diabases   spread    to   a   more    limited    extent    south-westward    into 
the  norite  area.     In   the  overlapping  area  the  gahbro  and   norite 
)>rovince8   are   separated    by   an   ill -defined   zone,  in  which   some 
mixture    of    the    two   magmas   took   place.     The   latest   phase  of 
igneous  activity  was  the  formation  of  the  Pen-Caer  basal t-laccolite, 
witii   apophyses  penetrating  the  Qarn-Fawr  to  Y-Garn  intrusions- 
It  is  not  necessary   to  assume  that  each  of  the  several  intrusions 
was  confined  to  any    single   stage   of  vulcanicity.     The    laccolite^ 
and  bosses  were  probably  the  result  of  injections  extending  ove^ 
a  /)ro/onged  interval  from  co-ex\«l\ti^m«.\gcsi«k.V)?oa\\ia^Qr  from  a  singled 
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differeDtiated  magma.  There  are  olear  evidenoes  of  some  further 
differentiation  in  it'M,  but  the  full  exteut  to  whioh  this  took  plaoe 
offers  a  large  field  for  future  investigation. 

2.  "  The  RhsBtic  and  Contiguous  Deposits  of  Glamorganshire." 
£j  Linsdall  Richardson,  F.G.S. 

The  principal  sections  in  the  county  are  described  in  detail,  the 
ohief  being  those  at  Lavernock  (near  Cardiff),  Barry,  Tregyff  (near 
Oowbridge),  Quarella  (Bridgend),  and  Stormy  Down.     The  Sully 
Xieds,  a  name  given  to  the  fossitiferous  portion  of  the  '  Grey  Marls  ' 
of  Ctheridge,  are  determined  to  belong  to  the  Rhastic  Series,  on 
iux)oont  of  the  fossils  that  they  contain.  They  are  quite  distinct  from 
the   'Tea-Green  Marts,'  in   which  fossils  have  not  been  observed. 
Sarth -pressures  affected  the  rooks  during  the  formation  of  the  Sully 
Deds ;  the  Avicula  contorta  black  shales  rest  upon  them  with  perfect 
parallelism,   but  even   then   non-sequentially.     Owing  to  an  up- 
fieaval   of  the   Lavernock  district  early   in  the  age  in  which  the 
Upper  Rhastic  Stage  was  deposited,  only  a  portion  of  the  lowest 
bed  of  that  stage  is  found,  and  this  deposit  was  subjected  to  sub- 
aerial  denudation  during  the  accumulation  of  the  remaining  Upper 
RbsBtio  beds  elsewhere.     But  subsidence  again  in  the  same  district 
allowed  of  the  deposition  of  the  White  Lias,  and  as  a  result  this 
latter  rests  non-sequential ly  upon  a  portion  of  the  lowest  part  of 
the   Upper  Rhastio  deposit.     The  White  Lias,  at  certain  localities 
in    Glamorganshire,  contains  in   abundance  PHcatula  intuBBtriaia, 
PL   hettangiensiB^   and   Lima  valonienBtB.     The   deposit  intervening 
between  the  Sun  Bed  and  the  Upper  RhaBtic  near  Bath  (Newbridge 
Hill)  is  over  11  feet  thick;    at  Lavernock  the  equivalent  deposit 
measures  but  2  feet  2^  inches.     At  Lavernock,  however,  above  the 
probable  equivalent  of  the  Sun  Bed,  are  marls  6  feet  4  inches  thick, 
which  are  provisionally  grouped  with  the  White  Lias.     Above  come 
the  Paper  Shales,  succeeded  by  the  Ostrea  Beds.   The  Upper  Rhaetio 
of  North- West  Gloucestershire  and  Worcestershire  is  not  the  equiva- 
lent of  the  White  Lias  of  this  or  of  the  Bath  district     The  White 
Lias  occurs  above  the  Cotham  Marble  (the  topmost  bed  of  the  Upper 
RhsBtic)    and    below   the    Paper  Shales   (which  occur  immediately 
below  the  Ostrea  Beds).     PalaBontological  notes  on  certain  of  the 
fossils   are   appended,    including    Ostrea   Bristovi,   Etheridge  MS., 
which  is  very  abundant  in  the  Sully  Beds. 

3.  "On   the   Occurrence  of  Rhaetic  Rocks  at  Borrow  Hill,  near 
Tewkesbury  (Gloucestershire)."     By  Linsdall  Richardson,  F.G.S. 

About  2  miles  south-east  from  Chase  End  Hill  (Malvern  Hills) 
there  is  a  small  outlier  of  Lower  Liassic  and  Rhastic  beds,  iu 
a  basin-shaped  area,  supported  and  surrounded  by  Eeuper  Sand- 
stone. A  detailed  section  is  given,  mainly  obtained  by  excavation, 
and  this  is  compared  with  the  ueareut  locality  where  the  whole 
of  the  Rhaetic  may  be  studied,  namely,  at  Wainlode  Cliff.  At 
Berrow  Hill  rock  at  the  base  of  the  Lower  Rhastic,  at  least  3 J  feet 
thick,  is  missing;  consequently  Bed  13  rests  directly,  and  with 
perfect  parallelism  (so  far  as  can  be  seen),  but  uou-«^c\vi^tA.\^>j ^ 
upon  the  *  Tea- Green  Maila,' 
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m.— June  7th,  1905.— J.  E.  Marr,  So-D.,  F.RS.,  President,  in 
the  Chair.    The  following  oommunioationa  were  read : — 

1.  ''  The  Miorosoopic  Structure  of  Minerals  forming  Serpentine, 
and  their  Relation  to  its  History."  By  Professor  T.  G.  Bonney, 
ScD.,  LL.D.,  F.R.S.,  Y.P.G.a,  and  Miss  C.  A.  Baisin,  D.Sa 

The  authors,  after  a  brief  reference  to  inyestigations  of  serpentine 
during  the  last  thirty  years,  whioh  still  leayes  some  points  unsettled, 
describe  the  formation  of  that  mineral  from  sundry  ferromagnesian 
silicates.  Having  given  a  summary  of  the  changes  in  olivine,  they 
describe  more  fully  the  alteration  of  separate  grains  in  the  BO*called 
'  kimberlite '  of  South  Africa.  Then,  after  referring  to  the  serpentini- 
zation  of  amphibole,  as  illustrated  in  the  well-known  Bauenthal  rook, 
they  enter  more  fully  into  the  changes,  first,  of  the  ortborhombio 
pyroxenes;  then  of  the  monoclinic.  To  illustrate  the  latter,  they 
describe  the  conversion  of  mataoolite  into  serpentine  in  the  well- 
known  '  Eozoon '  rock  of  Cote  St  Pierre,  and  of  some  augite-bearing 
serpentines  in  the  Yosges.  An  investigation  follows  of  the  form  of 
serpentine  called  '  antigorite,'  described  by  Dr.  Hussak  (in  1883) 
from  Sprechenstein  on  the  Brenner  Pass,  and  asserted  to  exhibit 
a  'netting-like'  {gesirickU)  structure,  which  is  a  record  of  the 
nearly  rectangular  cleavage  of  the  original  augite.  lliey  show,  by 
study  of  specimens  collected  in  the  Sprechenstein  district  by  Miss 
Raisin,  that  no  such  connection  exists,  and  that  the  netting -like 
structure  has  often  only  a  subjective  existence. 

llie  mica-like  mineral  called  antigorite  is  shown  to  be  abundant 
in  the  Pennine  Alps  about  the  head  of  the  Yispthal,  and  to  lead 
to  the  same  conclusion,  suggesting,  no  less  than  the  Sprechenstein 
specimens,  a  relation  between  that  mineral  and  pressure.  After 
a  brief  notice  of  the  chemical  changes  in  the  conversion  of  the 
various  anhydrous  silicates  into  serpentine,  the  authors  embody  their 
investigations  in  the  following  conclusions  : — 

(1)  That  l)oth  a  tint  and  pleochroism  are  accidental  rather  than 
essential  characteristics  of  antigorite. 

(2)  Neither  are  low  polarization-tints  charactefistic,  unless  two 
mica-like  minerals  exist,  otherwise  indistinguishable. 

(3)  That  it  is  doubtful  whether  any  hard-and-fast  line  can  be 
drawn  between  antigorite  and  the  more  fibrous  forms  in  ordinary 
serpentine  rocks. 

(4)  That  the  most  typical  antigorite  appears  when  the  rock  has 
been  consiilerably  affected  by  pressure,  but  it  becomes  less  so  when 
the  latter  has  been  very  great. 

(5)  That  so  far  from  the  nearly  rectangular  cleavage  of  augite 
originating  the  *  gestrickte  struktur,'  it  is  worse  preserved  than  any 
other  original  one  in  the  process  of  serpentinization.  Typical  anti- 
gorite, however,  apparently  is  rather  more  readily  produced  from 
augite  than  from  the  other  ferromagnesian  silicates,  but  is  more 
directly  a  consequence  of  pressure  than  of  chemical  composition. 

2.  "  ITie  Tarns  of  the  Canton  Ticino."  By  Prof.  E.  J.  Garwood, 
M.A.,  Sec.  G.S. 

The  iakes  dealt  with  oompme  Wi^  W^<&x  M^\w^  tarns  which  occur 
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i  n  the  Canton  Tioino.     Most  of  these  drain  into  the  Tioino  basin ; 
one  or  two,  howeyer,  flow  into  the  Reuss  or  the  Rhine. 

Yal  Piora  Lakes. — These  are  ohiefly  rook-basins  whioh  lie  in  all 
oases  along  the  junction  of  two  dissimilar  rock  -  masses.  Detailed 
foundings  prove  that  the  axes  of  greatest  depth  of  the  lakes  coincide 
Mrith  these  lines  of  junction :  one  side  being  a  dip-slope,  the  other 
&n  escarpment  It  is  shown  that  in  the  case  of  three  of  the  larger 
lakes  soluble  calcareous  beds  have  been  brought  by  thrusts  against 
crystalline  rocks. 

The  origin  of  the  lakes  cannot  be  attributed  to  ice-excavation,  as 
the  ice  must  not  only  have  invaded  the  district  from  outside,  but 
must  also  have  come  from  several  different  directions  at  once. 
Other  difficulties  in  the  way  of  accepting  this  mode  of  origin  are 
also  pointed  out. 

They  appear  to  be  due  to  structural  peculiarities  of  the  district, 
aided  by  solution.  Analyses  of  the  rauchwack6  are  given,  and  its 
characters  are  described. 

The  lakes  appear  to  be  connected  with  a  reversal  of  the  drainage 
of  the  Piora  Valley,  consequent  on  the  over-deepening  of  the  Yal 
Levantina  in  Interglacial  times  and  the  elevation  of  the  upper  end 
of  the  district  as  the  ice-cap  melted  away. 

Two  of  the  other  lakes  of  this  group  lie  on  or  near  the  watershed : 
their  origin  is  difficult  to  account  for,  except  by  differential  weathering 
along  the  lines  of  junction. 

Lago  Tremorgio  Group. — These  tarns  are  all  situated  either  on 
the  oalo-mioa-sohists  or  on  outcrops  of  crystalline  limestone  and 
dolomite.  Lago  Tremorgio  itself  is  almost  certainly  due  to  solution. 
A  typical  analysis  of  the  schists  gives  75  per  cent,  of  calcium- 
carbonate.  This  occurs  chiefly  in  the  form  of  eyes  of  granular 
calcite  which  crumble  between  the  fingers,  and  is  found  to  be 
dissolved  out  in  the  submerged  rock,  while  sharp  reefs  run  out 
under  water. 

Soundings  show  a  depth  of  150  feet  near  the  exit,  which  is  a 
narrow  water-cut  gorge.  The  lake  is  otherwise  entirely  surrounded 
by  a  steep  wall  of  rock,  the  lowest  point  in  which  is  718  feet  above 
the  lake.  It  is  impossible  to  suppose  that  ice  has  scooped  out  this 
basin.  The  fact  that  springs  issue  from  the  side  of  the  valley  below 
the  lake  all  the  year  round,  and  that  the  level  of  the  lake  falls 
20  feet  below  its  exit  in  Winter,  points  strongly  to  solvent  action. 

Of  the  remaining  lakes  scattered  along  the  southern  side  of  the 
Ticino  watershed,  the  Lago  di  Naret  has  a  wedge  of  crystalline 
limestone  running  through  the  centre,  while  the  Lago  Soiundrau  is 
situated  on  the  junction  of  dolomite  and  gneiss,  and  the  Laghetti  to 
the  east  of  Lago  di  Naret  lie  along  the  junction  of  the  oalc-schist  and 
the  gneiss. 

The  St.  Gotbard  Lakes. — The  rook-basins  here  also  occur  along . 
the  line  of  junction  of  schists  and  gneiss.     The  Lago  Luoendro  is 
the  most  important,  and  soundings  show  an  axis  of  greatest  depth 
running  along  this  junction.     Solution  does   not  appear   to   have 
played  much   part   in    its   formation.     Possibly  the  glaiover  wViViVsL 
descended  from  Piz  Lucendro   has   removed  {roLgm^iit.^  ^Xoxi^  N^^ 
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janotioD,  as  a  transporting,  not  an  excavating  agent,  as  profod  by 
the  soundings  at  the  lower  end  of  the  lake. 

Lago  Sella  and  Lago  Orsino  are  shallow  tarns  which  come  under 
the  same  category  as  Lago  Luoendro. 

Lago  d'EIio,  draining  into  the  Lago  Maggiore,  is  due  to  reyenal 
of  drainage  by  a  landslip. 

These  lakes,  then,  owe  their  origin,  when  they  are  rook-badng,  to 
the  presence  of  lines  of  weakness,  along  which  in  many  cases  solotion 
has  taken  place,  while  in  some  shallow  tarns  ice  may  have  removed 
detached  fragments;  but  in  no  case  has  a  lake  been  found  which 
can  reasonably  be  assigned  to  ice-excavation  independent  of  rock* 
structure.  

Go:R:RjBi&FOJsrjD.Eiisr<D:Ei. 

ICE  OR  WATER. 

Sib, — Professor  Bonney*s  review  of  Sir  Henry  Howorth's  new 

book  in  your  June  number  just  received  leaves  some  of  us  in  a  fog* 

We  gather  that  he  thinks  the  author  has  seriously  damaged  some  of 

the  positions  taken  up  by  the  extreme  Glaoialists,  by  whom  we 

presume  he  means  Mr.  James  Geikie  and  his  followers.     We  gathefi 

on  the  other  hand,  that  he  thiuks  Sir  Henry  Howorth's  book  an 

extravagant  presentation  of  the  other  side,  and  contrasts  Scylla  with 

Chary bdis.     He  apparently  feels  himself  to  be  in  a  safe  harbour, 

free  from  the  perils  on  either  side.     This  does  not  help  us,  howefer, 

very  much.    What  is  now  felt  to  be  the  important  matter,  especially 

by  the  younger  men,  is  to  know  where  the  moderate  Glacialist  oan 

stand,  and  as  Professor  Bonnt^y  has  himself  written  a  book  on  the 

Ice  Age,  we  turned  expectantly  to  his  review  for  some  help  in  this 

matter,  iimtead  of  whicli  we  get  some  jokes  and  some  generalitisB, 

among  which  we  find  it  difficult  to  quite  understand  how  the  problem 

now  tftandH,  and  how  far  it  has  been  solved  or  otherwise  by  the  author. 

I  know  nothing  that  would  be  more  welcome  to  a  large  number  of 

puzzled  young  geologists  than  a  frank  statement  of  his  own  views  in 

your  pages  by  one  who  has  taught  them  so  muuh  as  Professor  Bonney. 

Will  he  tell  us  where  he  thiuks  they  may  safely  stand,  and  what 

limitations  he  would  put  on  the  glacial  theory  as  generally  taught 

by  its  advocates  ?  A  pxuplkxed  F.G.S. 

Lktton,  Hekkfoudshire, 

June  19M,  1905.  

W.    T.    BLANFORD,    CLE.,    LL.D.,    F.R.S. 

BoRX  OcTOiiEH  7,  1832.  Died  Junb  23,  1905. 

As  this  number  is  passing  for  press,  we  have,  with  deep  regret,  to 
record  the  sad  news  of  the  death  of  another  distinguished  geologiiit 
and  contemporary,  Dr.  W.  T.  Blanford,  Treasurer,  since  1895,  of  the 
Geological  Society,  and  a  past  President  (1888-90).  He  died,  after 
a  very  brief  illness,  at  his  residence,  72,  Bedford  Gardens,  Campd&^ 
Uill,  W.,  23rd  June,  1905,  in  his  73rd  year.* 

'  See  Life  and  Portrait,  G¥.oL.'NLkQ.,^wi\3JM^,\a^^^^^.  1-15. 
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I. — The  Regent  Geological  History  of  the  Baltic. 
Part  II :    The  Anctlus  Sea   and  the  Baltic   Breach. 

By  Sir  H.  H.  Howorth,  F.R.S.,  F.G.S. 
(PLATE  XIX.) 

IN  the  previous  paper  I  ventured  to  trace  the  history  of  the  Baltic 
back  to  the  time  when  the  latest  of  its  raised  beaches  were  laid 
down,  and  to  show  that  it  was  then  considerably  larger  in  size,  and 
that  its  waters  were  more  salt  than  they  are  now,  although  they  were 
even  then  brackish  (see  Map  I,  PI.  XIX). 

This  conclusion  was  derived  mainly  from  an  examination  of  the 
mollosoan  remains  in  the  more  recent  shell-beds.  It  is  confirmed 
by  other  evidence;  thus,  Munthe  mentions  the  occurrence  in  the 
so-called  lAiorina  beds  of  three  species  of  Bhizopods,  whose  present 
and  former  distribution  in  the  Baltic  is  shown  in  the  following 
table : — 

Prbsent  In  Litorina 

Distribution.  Strata. 

Ncnionina  depresaula Wamemiinde     N.W.  of  Neder  Kalix. 

Polygtomella  atriatopunetura    Warnemunde     Hernon  and  G&nsvik. 

Rotalina  Becearii Great    Belt    and    the 

Sound  S.  of  Hven  ...    Aland,  Enutsboda,  Obbnas, 

35  km.  S. W.  of  Helsingfon. 

The  specimens  of  these  three  species  from  the  Litorina  deposits 
seem,  says  Munthe,  to  be  dwarf  forms,  and  their  distribution,  like 
that  of  the  before-mentioned  marine  organisms,  point  to  different 
hydrographic  conditions  from  the  present  (Geol.  Inst  Upsala, 
vol.  ii,  p.  86). 

Onr  present  ignorance  of  the  distribution  of  the  Ostracoda  in  the 
Eastern  Baltic  prevents  our  making  the  same  minute  induction  in 
regard  to  them,  but  Munthe  says  that  in  general  the  fossil  Ostra- 
oodan  fauna  also  points  to  different  hydrographical  conditions  from 
the  present  (id.,  p.  38). 
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In  regard  to  the  marine  diatoms  and  their  diatribuftiQii  iSbm»  ii^ 
more  than  one  ambiguity.  Mimdie  ba%  howerer,  ooncliided  finona 
a  minute  examination  of  the  poUem  that  they  point  to  a  gmfeor 
saltneaa  in  the  Ziiorina  sea  than  in  the  Baltic  nowadsya,  and  he 
adde  that  an  investigation  of  certain  recent  f«»pl^  taken  from 
the  Sooth  Baltic  and  adjacent  regiona  proTcs  that  the  diatomaoeoos 
flora  of  the  Uicrima  sea  has  rooghly  its  closest  parallel  nowadays  in 
abont  the  same  region  as  its  moUnscan  fimna  (id.,  p.  32). 

Having  defined  the  extent  and  condition  of  the  Eastern  Baltic  in 
the  so-called  Uiorina  time,  we  will  now  try  and  cany  the  story 
a  little  further.  The  older  inqnirers,  and  notably  Lov^n  and 
Erdmann,  argued  that  the  Litorina  sea  was  the  direct  continuation 
in  situ  of  an  older  so-called  ice  sea,  which  was  marked  by  the 
presence  of  Toldias  and  other  northern  shells. 

This  was  a  mere  speculation,  however,  since  nowhere  had  a  d^iosit 
been  found  showing  a  graduation  or  change  from  one  set  of  con* 
flitions  to  the  other,  nor  had  any  traces  of  the  so-called  Tddia  beds 
been  found  over  a  very  large  part  of  the  area  where  the  former 
presence  of  the  Litorina  sea  was  well  established. 

In  1887  Munthe  published  a  very  important  paper  condensing 
the  results  of  his  inquiries  in  the  island  of  Qotland.  In  this  pi^er 
he  first  definitely  showed  that  the  views  of  Loven  and  the  older 
investigators  of  the  history  of  the  Baltic  could  no  longer  be  main- 
tained. He  proved,  in  fact,  that  instead  of  the  Ziforiaa  aea  being 
a  direct  successor  of  the  so-called  Toldia  or  ice  sea  it  was  preceded 
over  a  large  part,  if  not  all  the  Baltic  area,  by  a  condition  of 
things  in  which  the  Baltic  formed  a  large  fresh-water  lake.  To  use 
his  own  words,  "  it  became  evident  that  the  Litorina  fauna  was 
a  completely  distinct  fauna  and  immigrated  to  the  Baltic  com- 
paratively late,  and  could  scarcely  be  supposed  to  have  entered  by 
any  other  route  than  that  of  the  Sound  and  the  Belts.*'  The 
importance  of  this  conclusion  justifies  me  in  giving  its  history  in 
some  detail. 

The  first  step  in  defining  the  problem  was  taken  by  Schmidt  in 
an  addition  to  G.  von  Helmersen's  memoir  on  the  diluvial  beds  of 
EuHsia,  published  in  the  Memoirs  of  the  St  Petersburg  Academy  in 
1 869.  Schmidt  pointed  out  that  in  Esthland,  in  the  lower  parts  of  the 
country,  and  in  the  former  inlets  of  the  Wick,  there  is  a  stratified 
dark  clay,  sometimes  occurring  alone,  and  sometimes  covered  with 
fine  or  coarse  sands  containing  shell  fragments,  like  that  now  being 
deposited  in  some  places  by  the  sea,  and  which  has  its  equivalent  in 
Sweden  in  the  old  inlets  of  the  Malar  Sea.  Schmidt  declared  this 
deposit  as  it  occurs  in  Esthland  to  be  of  fresh-water  origin,  and  he 
said  it  there  everywhere  covers  the  widely  spread  angular  gravel 
known  to  the  natives  as  Hichk  or  Plink.  He  goes  on  to  say  that 
while  in  the  raised  beaches  and  terraces  and  deposits  on  the  oosst 
of  Esthland  remains  of  marine  shells  occur,  these  are  not  found  in 
the  interior  of  the  country.  They  overspread  the  lowlands  of  the 
islands  of  Dago,  Worms,  Nucko,  and  the  neighbourhood  of  Hapsal. 
In  Dago  they  occur  at  a  height  of  30  or  40  feet  above  the  sea-level, 
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snd,  at  Ponal  and  Pallifer,  at  a  distanoe  of  20  versts  from  the 

water.     Further  inland,  he  adds,  no  suoh  marine  shells  oooar,  but 

only  firesh- water  shells  snoh  as  AncyluB  flwoifUUis  and  pieoes  of  TJnio: 

On  the  mainland  he  found  the  same  deposit  with  Ancylw  fluviaiilis 

^t   Mannalas  at  a  considerable  elevation,  at  Padis  in  gravel,  and 

mixed  with  Paludina  halHca  near  the  church  of  Karusen.     In  some 

plaoes  the  latter  shell   occurs  alone.      He  remarks  that  hitherto 

Aneylus  flumatilit  had  not  been  found  in  the  sea  and  only  in  ruuning 

streams.     Its  near  relative  Ancylm  Baiealenais  is  found  in  Lake 

3aikal  with  certain  marine  Crustaceans,  pointing  to  the  former  union 

of  that  great  lake  with  the  Polar  sea.    The  two  shells  above  named 

Also  occur  in  the  gravel  mounds  on  the  top  of  the  island  of  Mohn 

(op.  cit,  pp.  55,  56). 

In  1881  Oeikie  published  his  work  "Prehistoric  Europe,"  in 

"which  he  has  a  paragraph  about  these  fresh-water  beds  which  is 

interesting  as  showing  that  the  problem  had  then  been  considerably 

illnstrated  by  Krapotkin  and  Schmidt,  although  he  unfortunately 

^as  Munthe  also  complains)  does  not  give  a  reference  to  the  memoir 

"where  their  researches  were  published,  and  which  I  cannot  trace. 

They  argued,  according  to  Geikie,  that  in  Finland  the  fresh-water 

teda  were   older  than  the  marine  ones,   and   that   the  Gulfs  of 

Bothnia  and  Finland  existed  at  the  end  of  the  Glacial  period  as 

great  fresh-water  lakes,  and  they  quote  the  terraces  which   mark 

their  ancient  margins  as  being  found  there,  as  they  are  on  certain 

islands  of  the  Baltic,  such  as  Mohn  and  Dstgo.     Similar  terraces  at 

higher  levels  have  been  traced  in  the  interior  of  Finland  up  to  150  feet. 

"  The  whole  region     ....     seems  to  have  been  covered,  over 

wide  regions,  with  extensive  sheets  of  fresh  water.     In  many  cases 

the  natural  dams  which  held  in  their  waters  consisted  of  d$ar  or 

great  gravel  ridges  that  were  rendered  watertight  by  the  mantle  of 

loam  and  silty  clay  which  often  cloaks  their  slopes.     The  different 

levels   of  the  ancient  lakes  as  their  confining  barriers  gave  way 

are  marked   by  terraces  eroded  in   the  sides  of  the  dsar.     It  is 

remarkable  that     ....     not  a  single  sea-shell  has  yet  been 

detected  in  the  interior  of  Finland  "  (Geikie,  op.  cit.,  p.  470). 

In  1884  Schmidt  published  a  memoir  in  the  Zeitsoh.  der  Geol. 
Gesellsch.  on  the  Glacial  and  post-Glacial  deposits  of  Esthland,  Oesel, 
and  Ingermanland,  in  which  he  added  some  further  facts  to  those  here 
stated.  He  there  tells  us  that  the  fresh- water  shells  occurring  in  the 
beaches  consist  in  the  main  of  Ancylus  Jluvialilia  and  Limnaa  ovata, 
but  there  are  also  found  l7nto,  Cyclaa,  Paludina  tflipura,  and 
Neritinajluviatilis  var.  In  Oesel  these  beaches  occur  near  Arensburg 
from  a  height  of  20  feet  up  to  100  feet  in  the  higher  parts  of 
the  island.  In  Mohn  they  occur  in  the  highest  part  of  the  island, 
near  the  church  ;  while  on  the  mainland  our  author  reports  them 
from  Earusen,  St.  Michaelis,  Fickel  (Awaste),  Piersal,  Mannalas, 
Kegel,  Hirro  near  Keval,  and  further  east  below  the  Jaggowalschen 
waterfall.  Still  further  east  the  same  beds,  but  without  shells, 
occur  at  Euckers,  Sackhof,  etc. 

Schmidt  in  describing  these  deposits  confesses h\mEe\(  \ui8^^\f:»  %v| 
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whether  the  fresh-water  beds  are  older  than  the  mariDe  (dow  oalled 
Litorina  beds)  or  not  He  adds,  however,  ''Vielfaoh  sieht  min 
aber  marine  Sande  anf  Banderthon  aofliegen,  der,  wie  gesifnt 
stellenweise  Becken  bildet,  die  Ton  Aneylosschiohten  nmsaamt  sind"; 
and  says  farther,  what  I  cannot  quite  onderstand,  "Die  hohe  lage 
dieser  Schichten  auf  Mohn  spreoht  dafiir,  dass  bei  ihrea  Bildang  die 
Insel  noch  nicht  von  Festhmde  getrennt  war.  Vielleicht  war  den 
ganze  Riga'sche  Meerbusen  ein  Siisswasser  becken  "  (op.  oit,  p.  266). 

In  1884  Man  the  recognized  similar  fresh-water  beds  at  the  heigbt 
of  130  feet  south-west  of  Wisby  in  the  island  of  (Gotland,  in  which  be 
observed  Limnaa  ovata  and  Piiidiwm  ovatum. 

In  the  same  year  Holm,  in  a  letter  to  Hoist,  implied  the  oocarrence 
of  these  fresh-water  beds  in  Gk)tland,  and  also  foretold  their 
occurrence  in  Oland  (see  Hoist,  Sver.  Geol.  Unters.,  No.  180, 
p.  96,  note),  which  he  definitely  proved  two  years  later  in  a  paper 
published  in  the  Greol.  Foren.  Stock.  Forh.,  1888,  vol.  x,  p.  365. 

In  a  visit  to  Gotland  made  in  1886  and  1887  Monthe  found 
simitar  deposits  at  a  height  of  100  to  150  feet  marked  by  the 
presence  of  Ancylus  Jlutiatilis.  These  beds  consisted  of  typical  open 
beaches  with  pebbles  and  sand.  Munthe  tells  os  that  in  24  sites 
where  they  occurred  in  Gotland  Ltrnmea  ovata  was  represented  in 
23,  Anqflus  in  19,  and  Ptaidium  in  10.  In  addition  there  were 
found  in  them  Limnaa  paluslrisy  Planorhia  contortua  and  marginahu, 
Vahata  cristatay  Bythinia  tentaculaia,  several  other  species  of 
Pisidium,  including  amntctim,  pallidum,  foasarium,  piisiUum,  var. 
majofj  and  three  species  of  Ostracoda,  Cypris  reptana,  CandoMt 
eompreaaa  and  Candida. 

Munthe  gives  a  map  of  the  localities  in  the  south-east  of  Gotland, 
such  as  Nar,  Lau,  and  Burs,  as  well  as  the  limestone  ridges  called 
Burgen  where  these  deposits  have  been  found. 

In  Gland  Ilolst  says  that  the  Aneylua  and  Litorina  beds  are  found 
well  developed  in  the  villages  of  Morbylanga,  Kesmo,  and  Vickleby* 
on  the  western  side  of  the  island,  although  they  are  not  so  abundant 
there  as  they  are  on  its  eastern  side  (Sver.  Geol.  Und.,  No.  180, 
p.  95,  note). 

The  occurrence  of  these  fresh-water  deposits  in  so  many  localities 
upon  open  beaches  facing  the  sea,  on  the  mainland  as  well  as  on  tlie 
islands  in  the  Baltic,  enabled  Munthe  to  make  the  very  important 
generalization  embodied  in  his  paper  already  cited,  and  published  in 
1887,  namely,  that  the  Baltic  was  once  a  fresh-water  sea  or  inland 
lake,  and  that  this  stage  immediately  preceded  the  Litorina  stage  in 
its  history,  since  the  Litorina  beds  are  found  overlying  the  fresh- 
water ones.  From  these  beds  being  especially  characterized  by  the 
shell  Aneylua  he  gave  them  the  name  of  Aneylua  beds,  and  the  sea 
in  which  they  were  found  the  name  of  the  Aneylua  sea. 

The  Aneylua  has  an  outward  resemblance  to  the  limpet,  and  has 
sometimes  been  called  the  fresh-water  limpet  It  was,  in  fact,  called 
a  Patella  by  Linnasus.  The  northern  geologists  give  tho  Anoflus 
we  are  discussing  the  specific  name  of  JluviatiUa,  but  this  involves 
a  difficulty.    The  shell  so  called  is  apparently  limited  in  its  habitat 
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to  ahallow  riven  and  streams,  where  it  oocors  on  stones  and  rooks. 
Jeffreys  says  be  onoe  found  it  (apparently  meaning  only  onoe)  of 
a  dwarf  size  in  a  stagnant  pool  near  Swansea,  into  whioh  no  stream 
had  flowed  within  the  memory  of  man,  in  company  with  A.  laeuatrU, 
The  latter  shell  is  described  by  him  as  found  on  the  leaves  of  wator- 
lilies  and  other  aquatio  plants,  as  well  as  on  fallen  leaves  of  trees, 
in  slow  rivers,  lakes,  canals,  marshes,  and  ponds,  from  Finland  to 
Algeria.  He  identifies  it  with  the  PateUa  laeuBiria  of  Linnasus. 
Mnnthe  says  his  A.  flwoiaiilis  is  not  only  a  fresh- water  but  a  marine 
shell,  and  that  he  has  taken  it  alive  adhering  to  marine  species  of  alg» 
in  the  Baltic  (O.  Jeffreys,  op.  cit.,  i,  122,  123).  This  latter  state- 
ment makes  it  somewhat  inconsequent  to  name  the  fresh-water  sea 
of  the  pre-24(oftfia  time  from  this  shell  instead  of  from  one  of  the 
purely  fresh- water  forms  with  which  it  is  associated. 

Munthe  pointe  out  the  remarkable  fact  that  the  Aneylua  fluviaUUt 
which,  he  says,  characterizes  the  fresh-water  beds  we  are  describing 
is  not  found  living  in  the  streams  of  Gotland.  It  occurs,  however, 
in  the  brooks  of  Eathland.  The  fossil  specimens  are  small  and 
dwarfed,  being  8  mm.  long  and  2  high,  compared  with  the  living 
forma.  The  largest  specimens  from  the  fossil  beds  elsewhere  are 
•5  mm.  long,  4  broad,  and  3  in  height,  while  the  largest  living  ones 
from  Buysjon  in  Skane  are  4  mm.  long  and  2  high  (see  Overs.  K.  Y. 
Ak.  F.,  1887  and  1888,  p.  724). 

These  proportions  seem  to  point  to  the  fossil  shells  in  question 
belonging  to  Aneylua  lacustria  rather  thtm  fluviatilia,  for,  as  my  friend 
Mr.  Sherbom  has  pointed  out  to  me,  the  chief  distinction  between 
the  two  shells  is  that  one  is  much  rounder  than  the  other,  which  is 
more  oval.  As  they  occur  in  places  together  it  may  be  that  the 
forms  grade  into  each  other,  at  all  evente  Forbes  seems  to  have 
treated  them  as  of  one  species.  The  matter  deserves  a  more  minute 
analysis  at  the  hands  of  the  Scandinavian  geologists.  Let  us  return, 
however,  to  the  distribution  of  the  fresh-water  beds  we  are  discussing. 

The  case  was  carried  further  when  certain  clays,  not  then  known 
to  be  fossiliferous,  which  were  discriminated  by  Yon  Post  as  far  back 
as  1855,  and  were  called  by  him  '  undrediluviallera/  i.e.  lower 
diluvial  clay  or  lower  clay,  were  identified  with  the  Aneylua  beds  by 
Munthe.  Yon  Post  described  them  as  found  as  high  as  75  metres 
above  the  sea-level,  and  as  consisting  of  a  light  grey  or  blue  grey  to 
dark  grey  bed,  with  little  or  no  tendency  to  lamination,  and  when 
dry  falling  apart  into  fine  fragments,  and  as  containing  concretions 
of  iron  oxide  formed  round  roots  from  above. 

Erdmann  and  writers  in  the  Sveriges  Geologiska  Undersoknings 
called  this  clay  '  undre  ^kerlera'  (underlera),  while  Munthe,  who 
identified  it  with  the  clay  of  his  fresh-water  sea,  called  it  Aneylua 
<xlay.  It  has  been  recognized  as  existing  in  Upland,  Vestmannland, 
and  Nerike,  and  probably  in  various  parts  of  Eastern  Sweden 
(op.  cit,  p.  263).  At  Skattmanso,  in  Western  Upland,  these  Aneylua 
beds  are  found  of  a  thickness  of  3*55  metres  and  at  a  height  of 
•36  metres  above  the  sea,  and  containing  a  large  number  of  fresh- 
water diatomaoe»,  including  the  now  probably  extinot  £unot\a  Cle^e\> 
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jQ.  ^i^  Lit£  ir.;   ^rissn  L  3Xiig  x  "nit  AhTtf^fv  shl  if  c7i*3l  . 
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"aiHi  I.  :?nA:iE:ifii-iri:7r:  ."za.  3ii:irt  mc  "aiia  "riif-  .csmcj:  Bftlac.  wbieh 
Ltf  cniri2iZ7  ":•*•:•. txiit  --rr~  sikT  'jxc£  x  ii?^":fr»i  r»  rosMK.:  oonfitkn- 

:!ii*.  ri"*"".  !▼=•:  :ti;T  zj*"rraiiiJe  an^iuErr  niiaxisZT.  tV^fc^  s:  a  not 
T»cii:-.t  -:r.»*  r.  r:*  L^sn.'-rr  -±1*  Ziiihi:  nwc  ia.vi  risec.  ei:tir«3T  ihut 
:f  !•  iir.  lilt  2»':rLL  >=a.  lzjI  ":*3l  k  zciuuiGfclT  -sc^riKii  like.  Thii 
v.niv.itfiiic  »^T*^^  iais  ':<^£i  5:fDi£  1:  czmcly  LkftrzprciaB  wiih  other 
^mi^iiut  •'•rr'i^iTT  -? g-  fr:!;!  iiiia-  kixttisil  Kt«i  v^ck  I  will  tbortlj 

iuzL'it.  wxi£A>'~  tj  ib»:r  ^jjr:^  seoaSi  kr-i  ^a»  an-i  pftrtitlh 
tL'Jt-ii^  rt  -^  fcuft'jr  itpTwitsc.  r-nsucii  izii  5f izf*  -r  Sweden,  will  he 
i=;pT*«€C  17  tift:r  r^K^iiizizi;  r  k  rxf:&:<&»  r*rT.kri  cf  a  formeriy 
^c'ir.  v.-::»  IliiI  c:rr^uuL     T^  Acc«ftrizc«  if  f^'j  lon:#  on;  by  the 
a#x:;kl  •Tiisii:*-  wiaX.  irzT-e*  "iiis  "ii*  wbrl-e  area  Las  «ank  a»n- 
wLi-hnl'.'.T  ii  :r.tr.:;irirT*lT  rriirrs  Tirrf*.     A  n.:T*s:*x::  of  elenrion 
♦-ir.*e:-:rr.:lT  i-Tcrr*- ^:  kz  f  ir «?:««£  a  i»:r:i-:c:  :f  '.t.*  sunken  tanace. 
7l  *  _•  '-7''  i.i  1."  51  ".""T.  :t  -^^  liiT  :Li:  k.!  il:r.^  :Lr  oast  of 
.S £:.--*:  i-. i   ^!-T'»-iT:r  ■"'   :1>  ir^i  "It  riir'-f  re:*  :f  rtceLi  origin, 
•wi  -.1  ir*:  ■-.-.i  :  i:  i  •  11  ill  T]fvi-.::i.  iLrvf  :ir  sse^  kr-d  wh:<«  shells 
t:-'.v.  -.ii:-.  '-.^!,iv  -.  :lt  Z:::*    5  rer!:-!.  fr«o-rr::lT  I'e  nior.  turf  or 
■-J..'.:.  ''.^r.\  '.-.z.'^  :.  zz  ii-i  jl-rll*  k^i  Ikni  ilir.:*, as  has  lt*n  pointed 
'  - '.  '.  Y  r.-.  i:: ;.   : ':.  -^  rr  r :  -      Ti !  *  i  r:  tc*  ih  .\:  : h e  d isaic:  in  qaest ion, 
w ;/',:.  VI ii.  ',:.'^  ^rr  ^i:.  Lis  i:*:i.r  rlne  !:•=«=.  «-ink  b*iOw  the  water 
ik-,5:.'.!^r.*iv  '^e^tlv  ir.i  .-.l^'  ::  ^e:  a  ccveritz  of  laariDe  deposit  upon 
j'..  ir.'i  :.ifc  r**r.  :i.eL  rai^-ri  .iiriii:.  to  its  present  level.     The  first 
jA-.n^.T.  vk},',  4r^:e-i  'lw  ".Le  iiL.3  cff  the  orist  of  Skiine  bad  sunk 
W4.*  J.  C  Wilrk*:.  wL'.  wr!:iL^  in  1770  in  regard  to  the  harl^our  of 
Ijix.'i'.KT'.r.'^.  r,'.*ic*=  hiw  in  tLe  b^nks  toun-^ing  its  entrance  and 
wK>.;.  4."':  r'^ver*:'!  Vvfve  '.r  sii  fe^t  of  water  there  are  found  trunks 
hi  TfArt-.ji  fii,f]  lii-rigL:  tree*.  ?b. wing  that  the  submerged  ground  was 
*jf,f:':  a  v.f^^f].  ai.r;  toll  a  US  how  Kc  had  leen  told  in  1707  that  a  large 
t.hk  with  it  if  truiik  and  branches  intact  had  been  found  under  six 
f*-M  fA  watfrr. 

On  the  oyhter  frrf.v.uf]  Wilcke  found  decayed  trunks  in  a  layer  of 
Hu\,u.(t't:(:t]  in'/uld,  in  which  they  had  probably  grown,  and  he  con- 
hi'l<rr'-'l  t)i<!  layer  of  foil  marked  the  former  level  of  the  laud,  which 
hiif\  t}i<r*ffor*;  l>een  about  five  feet  below  the  main  level  of  the 
wat'i.  Th«-he  facts  led  him  to  the  conclusion  that  there  bad  been 
a  coil)- id  arable  subsidence  along  the  coast. 

Id    1-47    Nilsson    published    his    well-known    work     on     the 
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SoandinaTian  fauna.  In  this  he  enlarged,  inter  alia,  on  the 
evidences  of  a  general  sinking  of  the  land  in  very  recent  geological 
times  along  the  coast  of  Skane.  He  mentions  the  discovery  of 
sahmarine  tarf  in  many  places  along  the  coast  from  Dybeck  as  far 
as  the  district  between  Trelleborg  and  Falsterbo.  Over  200  feet 
from  the  shore  is  a  bed  of  turf  about  two  feet  deep  under  the  sea  and 
six  feet  thick.  A  similar  bed  of  peat  lies  near  the  fishing  village  of 
Skare.  Again,  three-quarters  of  a  mile  from  the  land  and  on  the 
ground  known  as  Falsterbo  there  lies  a  great  mass  of  peat  of  several 
acres  in  extent  and  10  to  12  feet  in  thickness.  It  is  24  to  26  feet 
below  sea-level,  and  contains  various  kinds  of  land  and  fresh- water 
products  ;  inter  alia,  it  contains  a  number  of  large  and  small 
trees,  such  as  oak,  birch,  alder,  aspen,  and  fir,  mixed  with  leaves  in 
all  its  various  layers,  of  hazel,  willow,  sallow,  together  with 
haael-nnts,  pine  cones,  Equisetaa,  eta,  etc.  {Qeol.  Foren.  Stockholm 
Forhandlingar,  i,  101). 

NilsBon  by  careful  measurements  at  Falsterbo  has  shown  that  the 
sea  has  gained  considerably  on  the  land.  A  small  island  called 
Ellappen  has  almost  disappeared,  while  extensive  beds  of  submarine 
turf  formed  in  fresh  water  are  now  found  at  a  depth  of  from  10  to 
14  feet  below  the  surface  of  the  sea.  These  submarine  turbaries,  he 
says,  occur  in  many  places,  some  near  the  present  coast  and  some 
at  a  great  distance  away  and  at  great  depths.  In  enlarging  the  port 
of  Malnio  in  1874  a  submarine  turbary  was  found  containing 
flint  flakes. 

During  the  years  1874-5  some  excavations  were  made  in  the 
port  of  Tstad,  which  were  closely  watched  and  reported  upon  by 
M.  Bruzelins,  then  living  there.  The  space  reported  upon  by  him 
consisted  of  three  Swedish  acres  or  six  French  hectares.  The 
snrfiEKse  layer  of  the  deposit  was  sand,  below  which,  and  at  a  depth 
of  three  metres  below  the  mean  level  of  the  water,  there  was 
a  peat  bog  varying  from  40  to  25  centimetres  in  depth.  In  this 
peat  were  a  number  of  trees  still  attached  by  their  roots.  Below  the 
peat  was  a  layer  varying  in  composition,  sometimes  sand,  sometimes 
blue  clay,  and  sometimes  a  mixture  of  sand  and  clay,  and  containing 
many  striated  pebbles. 

In  the  bed  of  sand  above  the  peat  were  shells  of  Mytilue  edidis, 
My  a  arenaria,  Tellina  halthiea,  and  Cardium  edule,  mingled  with  the 
wreckage  of  38  ships,  one  of  which,  loaded  with  tiles,  dated  from 
the  middle  ages,  and  there  were  found  a  number  of  objects  of  metal 
—caldrons,  etc.,  two  arquebuses,  dating  probably  from  1450  to  1500, 
and  six  cannon-balls.  There  were  also  found  a  number  of  other 
domestic  objects,  enumerated  by  Bruzelins,  all  probably  dating 
from  two  to  four  centuries  ago,  together  with  a  large  number  of 
skulls  and  bones  of  oxen  and  horses,  skulls  of  dogs,  swine, 
sheep,  goat,  and  roebuck,  bones  of  the  fox  and  cat,  and  one  or 
two  human  jawbones.  All  the  objects  in  this  layer  belonged  to  the 
modern  world,  and  none  reached  back  to  pagan  times  or  the  earlier 
part  of  the  middle  ages. 

In  the  peat  below  the  sand  were  many  roots  of  ac^ua^tvic^  ^^laxiV^. 
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In  the  peat  Profenor  Toxell  foond  e  nunber  of  Umml  liiiiig  dhdk^ 
such  as  HtUx^  Clau$iUa  iamimaim,  Vertigo  cathdain,  Zaa  hbrie^ 
Smcdwea  pmtris,  etc.,  beridea  whicb  wen  a  number  of  Creah-watar 
shells,  iDcloding  three  apectes  of  XtanuM,  eight  of  PimmoMg,  two  of 
Byikima,  Pky8a/<miimdi$,  AmafiwM  htauinM,  Vahaim  eruimia,  AmodmU, 
eta  ;  there  were  also  elytra  of  aqoatic  insecta»  branehea,  leaTsa,  and 
frnit  of  treea  soch  aa  oaks,  bazela,  aldera.  eta,  and  aqnalic 
plants  soch  as  CaUoj  MfriophgOmm,  CenUogik^fUmm,  JVkp&or,  eta 
Only  three  tree  tmnka  occorred,  one  of  oak  and  two  of  alder. 

In  the  sandy  day  below  the  peat  there  oocnned  at  a  depth  of 
30  centimetres  a  knife  of  grey  flint ;  six  inehea  from  tfaia  waa  fonnd 
a  polished  and  broken  axe  of  yellowish  flint,  at  a  depth  of  15  to  20 
centimetres  a  mace  of  bronze  with  fbnr  projecting  points  and  twelve 
roand  stnds  on  it,  a  dagger,  a  knife  of  flint  20  oentimetrea  long  and 
with  its  point  broken,  some  bone  objects  which  looked  aa  if  thsj 
had  formed  part  of  a  sledge,  two  objects  whidi  gave  rise  to  some 
discussion  afterwards ;  and,  lastly,  two  pieces  of  bone  whidi  had 
served  to  haft  a  knife,  which  were  artistically  wrought  and  termi- 
nated with  the  head  of  a  dragon.  These  objects  M.  Bmxelina  dated 
approximately  between  the  eighth  and  doTcnth  oantoriea,  and  he 
argued  that  the  subsidenoe  of  the  peat  bog  had  taken  place  aome  time 
between  the  eighth  and  eleventh  centuries. 

In  the  discussion  which  followed  M.  Bruselina'  paper  at 
Copenhagen,  C.  Yogt  and  Bertrand  uiged  that  the  anbaidenoe  of 
the  ground  as  evidenced  by  the  majority  of  the  facta  mentioned, 
took  place  some  time  during  the  Stone  or  Bronze  age,  while  the 
presence  of  the  solitary  object,  the  knife  handle,  was  accidental  and 
explainable  in  another  way  (see  Comptes  Rendus  Cong.  Prehist 
Arch.  Co|>enhagen,  1873,  pp.  15-30). 

Nathorst  says  that  round  the  coasts  of  Zealand  are  found  similar 
witnesses  to  a  post- Glacial  sinking  of  the  land  as  in  Skane,  in 
the  shape  of  peat  bogs  and  submerged  river-beds  under  the  sea. 
Subsequent  elevation  of  the  ground  has  again  raised  these  beds  as  in 
Skane  above  the  sea-level,  the  latter  process  being  evidenced  by  the 
turf  beds  being  covered  with  marine  deposits.  These  contain  the 
same  kind  of  shells  as  do  the  raised  beaches  on  the  opposite  coasts 
of  Skane,  namely,  Cardium  ednle,  Myttlus  edtilis,  and  Tellina  balthica, 
and  where  the  water  is  deeper  and  salter  Litorina  lilorea  and 
Nassa  reticulata  (Sveriges  Qeologi,  p.  277). 

A  submarine  forest  has  been  reported  from  the  south  of  the 
island  of  Bomholm.  Similar  evidences  are  also  forthcoming  from 
the  district  further  south ;  thus,  according  to  Dr.  Maaok  the  remains  of 
the  Schleierraiinder  Burg  on  the  coast  of  Schleswig-Holstein  are  now 
always  submerged  by  the  sea,  and  the  ancient  Bramhorst  near 
Probstei  has  disappeared  ;  the  stumps  of  the  trees  forming  the  forest 
of  this  ancient  shooting  lodge  are  now  to  be  found  under  the  sea  at 
a  distance  of  400  or  500  feet  from  the  shore,  and  two  great  rocka 
near  Travemiinde  called  Kriiger  and  Mowenstein,  which  were  on 
the  shore  90  years  ago,  are  now  surrounded  with  water.  Nilsson, 
in  fact,  concludes  from  these  and  other  observations  that  Scania  and 
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Medklenbnrg  were  onoe  united  by  a  land-bridge,  and  it  was  over  thiB 
that  the  animals  whose  remains  are  now  found  in  the  bogs  of  Soania 
-crossed  over  (Comptes  Bendus  Prehistorio  Congress  at  Copenhagen, 
1875,  pp.  53-61 ).» 

In  addition  to  other  evidence  of  the  land-bridge  such  as  is  here 
-quoted  Erdmann  refers  to  the  fact  that  in  the  whole  of  the  South 
of  Sweden  from  the  southern  coast  of  Scania,  as  far  as  Halland  and 
Smaland,  the  country  is  entirely  coyered  with  angular  debris  and 
contains  neither  rolled  pebbles  nor  clays  except  on  the  eastern  and 
western  coast,  whence  he  argues  that  it  was  never  under  water, 
4md  he  continues : — "  Une  forte  part  du  continent  scanien  etait, 
selon  toute  probabilit6,  r6unie  alors  avec  las  lies  danoises  et  lea 
plaines  actuelles  de  rAliemagne  du  nord,  et  il  existait  de  la  sorte 
un  pont  naturel  sur  leqnel  pouvaient  immigrer,  du  grand  continent 
enropeen,  lea  esp^oes  animales  dont  nous  trouvons  de  temps  \  autre 
lea  squelettes  dans  cette  province  de  Textrdme  sud  de  notre  pays. 
La  d6oouverte  faite  par  Nilsson  des  restes  de  oes  animaux  dans  le 
sol  scanien,  fiiisait  d^jii  pr6sumer,  il  y  a  long  temps,  \  ce  savant 
calibre,  la  presence,  dans  les  temps  recul6s,  d'un  pont  naturel  entre 
la  Su^de  m^ridionale  et  le  continent  Mais,  autant  que  je  sache, 
le  fait  mdme  que,  dans  cette  partie  de  la  Scanie,  les  depots  glaciaires 
<x>nsistent  presque  exclusivement  de  glacier  anguleux  et  qu'ils  sent 
par  consequent  d'une  formation  continentale  deoid6e,  n'a  jamais  6t6 
remarqu6  jusqu'ici,  et  encore  moins  la  conclusion  que  Ton  en  pent 
tirer"  (Erdmann,  "Expos^  des  formations  Quatemaires  de  la  Su^de,*' 
pp.  73,  74). 

There  is  abundant  direct  evidence,  therefore,  of  the  former 
existence  of  a  land-bridge  between  Skane  and  the  mainland  of 
Denmark  and  Mecklenburg,  the  breaking  through  of  which  con- 
verted the  fresh-water  Aneylus  sea  into  the  salt-water  lAtorina  sea. 
The  next  question  is  when  did  this  breach  occur.  The  Swedish 
geologists  and  antiquaries  are  of  one  mind  that  it  took  pletce  after 
man  had  begun  to  inhabit  Sweden  and  during  the  so-called  Stone 
age.     Of  this  there  is  a  good  deal  of  interesting  evidence. 

First  let  us  consider  the  case  of  the  so-called  Jara  wall.  This 
great  rampart,  which  runs  along  the  sea-coast  in  the  south  of  Scania 
&om  Tstad  to  a  league  beyond  Trelleborg  is  essentially  an  ds,  and  is 
composed,  like  the  asar  of  Central  Sweden  with  which  it  has  been 
<X)mpared,  of  sand  and  rolled  gravel.  Tliere  can  be  Rtuall  doubt 
from  the  facts  mentioned  below  that  (as  the  Swedish  geologists 
agree)  it  belongs  to  the  time  of  the  lAtorina  sea  and  was  a  product 
of  the  Zitorina  age. 

Nilsson  speaks  of  a  peat  bog  under  the  Jara  wall  having  a  thick- 
ness of  10  feet ;  2  ft.  3  ins.  of  which  lies  above  and  7  ft.  7  ins.  below 

*  This  may  be  the  same  submerged  forest  mentioned  by  Forchhammer,  who  says  it 
ia  situated  between  the  island  of  Komoe  and  the  dukedom  of  Slea>ig,  and  that  it  in 
nine  feet  below  hieh- water  mark,  and  that  its  roots  are  still  seen  branching  out  into 
the  sand.  The  fishermen  say  this  forest  consisted  of  fir.  At  other  places  far  beyond 
the  present  shore  forests  of  oak  are  found  in  the  same  situation  below  the  mean  leyel 
•of  the  sea  (Geol.  Trans.,  ser.  ii,  vi,  157-160). 
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the  surface  of  tbe  sea.    The  turf  under  this  ridge  is  so  oompresMd 
that  when  dry  It  is  almost  as  bard  as  brown  coal  pressed  together, 
and  when  a  fir  ohip  is  broken  it  is  foond  to  be  blade  and  shiniiigm 
the  cross  sections,  all  the  results  of  great  pressure  and  of  age.    ThB 
turf  has  been,  as  in  the  submarine  peat  bogs  which  lie  outsit 
Falsterbo  already  mentioned,  formed  in  fresh  water.     The  bottom  of 
it,  when  the  turf  was  formed,  lay  aboye  the  surface  of  the  set, 
inasmuch  as  in  it  were  found  the  same  species  of  plants  as  those  that 
are  found  in  the  other  Scanian  peat  bogs  situated  farther  in  die 
interior  of  the  country.     At  the  bottom  of  this  peat  bog,  on  the  pon 
blue  clay  itself,  there  have  frequently  during  the  cutting  of  the  turf 
been  found  arrows,  knives,  etc.,  of  flint,  which  be  urges  proTes  tfait 
human  beings  already  existed  in  these  districts  at  the  time  when  Uie 
bog  was  an  open  water  and  peat  began  to  grow  in  it     Consequently 
there  were  people  here  even  before  the  great  phenomenon  whidk 
raised  the  ridge  in  question,  and  caused  a  wide  opening  between  the 
South  of  Scandinavia  and  the  North  of  Germany. 

Bones  of  the  cave  bear  have  been  found  in  the  turf  under  the 
Jara  wall,  and  also  at  the  bottom  of  other  peat  bogs,  with  bones  of 
the  reindeer — for  instance,  in  the  peat  bog  in  KuUaberg,  in  which 
flint  flakes  have  also  been  found  in  great  numbers.  We  may 
therefore  suppose  that  these  peat  bogs  are  coeval  with  the  one 
under  the  Jara  wall,  and,  consequently,  they  also  are  more  ancient 
than  this  remarkable  ridge.  In  these  ancient  peat  bogs  there  has 
never  been  found  a  trace  of  metal,  and  therefore  we  can  likewise 
conclude  that  the  above-mentioned  cataclysm  took  place  during  the 
Stone  period,  and  during  an  early  part  of  the  Stone  period,  since  not 
a  single  stone  axe  or  any  other  ground  stone  was  found  there,  but 
only  flint  flakes,  arrows,  and  knives.  No  human  skeletons  have 
occurred  in  these  beds,  but  inasmuch  as  round  skulls  have  been 
found  in  tbe  old  peat  bogs  of  Scania  the  flint  flakes,  etc.,  were 
probably  made  by  a  round-headed  race. 

In  a  paper  on  the  Jiira  wall,  etc.,  Torell,  in  the  Comptes  Bendus 
of  the  Int.  Cong,  of  Arch,  at  Stockholm,  pp.  867-868,  calls  attention 
to  the  fact  that  Nilssou  had  subsequently  found  a  chambered  tomb 
of  the  Stone  age  containing  amber,  on  the  Jara  wall  itself,  and  this 
goes  to  show  that  the  famous  rampart  in  question  was  formed 
between  the  time  when  the  rough  flint  chips  were  used,  i.e.  tbe 
so-called  kitchen  midden  time  and  that  of  the  later  Stone  age. 

The  facts  that  Nathorst  has  since  found  marine  shells  of  the 
Liiorina  time  underlying  the  Jiira  wall,  while  Munthe,  in  vol.  ii  of 
the  Transactions  of  the  Upsala  Institute,  p.  363,  reports  the  finding 
of  a  bone  implement  in  Ancylus  clay  at  Norsholm  in  Ostro-Grothland, 
show  respectively  tliat  man  was  living  in  Sweden  in  the  Anc^Uu 
time,  and  therefore  before  the  Baltic  breach  ;  and,  secondly,  that 
the  Jiira  wall  was  distinctly  a  product  of  the  succeeding  period, 
namely,  of  the  Ltlorina  age. 

In    1856   Forchhammer  contributed    a    paper    to    the    Nordisk 

Universitets    Tidskrift,    in    which    he    enlarged    considerably  on 

^''^HiLMon's   and   Erdmann's    conclusions.      He   pointed  out  how  at 
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HuBtixn  in  a  snbmarine  peat  bog,  or  immediately  under  the  same, 
there  waa  foand  a  grave  mound  dating  from  the  Stone  age,  and  also 
in  other  places  flint  knives  and  pieces  of  burnt  day  dating  from  the 
Btone  age.  Among  the  plants  from  this  submarine  turf  he  mentions 
birob,  oak,  spruce,  and  hazel.,  but  he  mentions  no  beech. 

I  may  farther  add  that  similar  flint  tools  to  those  above  mentioned 
have  been  found  in  the  ancient  submerged  forest  outside  Landskrona, 
while  A.  F.  Cadson  has  similarly  found  flint  tools  in  the  submerged 
oak  forest  lying  800  to  400  metres  outside  the  present  beach  at 
Limbamv. 

At  Islaby  in  Blekiug,  De  Geer  found  a  bone  weapon  a  metre 
deep  in  a  turf  moss  which  was  partly  under  the  post-Glacial  marine 
boandary  and  partly  under  a  marine  mud. 

Lastly,  Lindstrom  found  charcoal,  together  with  bits  of  a  fish 
skeleton,  which  had  obviously  come  from  a  human  feast,  under 
a  post-Glacial  beach  at  Wisby,  situated  15  metres  above  the  sea 
(Nathorst,  op.  oit,  pp.  308  and  309). 

I  will  now  turn  to  another  kind  of  evidence.  In  J.  Petersen's 
memoir,  **  Om  de  Skalbaer  molluskers  utbr.  i  de  danske  have 
indenfor  Skagen,"  Copenhagen,  1888,  p.  86,  quoted  by  De  Geer, 
we  are  told  that  he  found  on  the  bank  called  Bochers  bank,  east  of 
Laeso,  at  a  depth  of  25  metres,  LUorina  litorea  and  other  shore  shells 
in  a  sub-fossil  condition.  He  also  found  similar  shells  in  a  similar 
condition  from  18  to  25  metres  deep,  between  Anholt  and  Eullen, 
probably  near  Store  Middelgrund,  and  De  Geer  argues  thence  that  the 
■ea-bottom  there  was  once  at  least  20  metres  higher  than  at  present, 
and  that  Anholt  and  Laeso  were  probably  then  connected  with  the 
mainland  of  Denmark  (Geol.  Fur.  i  Stockholm  Forh.,  xii,  107). 

The  case  seems,  in  fact,  complete  for  those  who  urge  not  only  that 
the  proved  succession  of  the  fresh-water  Aneylus  sea  by  the  salt- 
water Zitorina  sea  necessitates  our  postulating  the  breakdown  of 
a  former  land  barrier  between  the  North  Sea  and  the  Baltic,  but 
that  such  a  breach  is  amply  attested  by  evidence  of  every  kind,  and 
further  that  it  occurred  comparatively  lately,  and  probably  during 
the  so-called  Neolithic  age. 

The  next  question  that  arises  is  one  in  which  I  cannot  see  quite 
eye  to  eye  with  the  Northern  geologists.  Like  their  contemporaries 
in  England,  they  are  devoted  to  what  I  deem  the  quite  fantastic 
development  of  Lyell's  theory  of  Uniformity  which  now  widely 
prevails,  and  they  have  consequently  argued  that  the  breach  in 
question  was  a  gradual  and  continuous  one,  due  to  the  wearing 
away  of  the  banks  of  the  Sound  and  the  Belts  by  the  sea.  To  this 
view  I  cannot  in  any  way  subscribe.  It  seems  plain  to  me  that 
instead  of  this  movement  having  been  gradual  and  continuous,  it 
was  impetuous  and  rapid  and  even  sudden. 

In  the  first  place  there  is  everywhere  a  distinct  gap  between  the 
Ancylm  beds  and  the  Litorina  beds.  Wherever  they  occur  together 
there  is  an  absolute  failure  of  continuity  between  them.  Nowhere, 
so  far  as  I  know,  have  we  any  mixture  of  the  typical  fresh-water 
shells  of  the  Aneylus  time  with  the  typical  bracki^Vi-w^l^x  ^Vi^^  ^\ 
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the  Liiorina  tima  The  latter  ■eries  of  shell*  fc^owB  abnifitlj  ipon 
the  former,  and  this  abraptneaa  eeana  to  me  to  ineTitabl  j  point  to 
an  abrupt  breach  in  the  conditioiiiL 

Seocmdly,   the  condition  of   the   mibmerged  peal  bogs  and  d 
fehallow-water  beach  gravels  in  deep  water  are  quite  inocHuuteBl 
with  a  gradual  denudation  by  which  the  coastline  was  eaten  beck. 
Sodi  a  process  of  gradaal  eating  back  would  hare  entirely  destrojed 
the  peat  bogs  and  disintegrated  and  dispersed  the  sobmarine  sobIdbd 
Ijeach  pebbles ;  the  pounding  and  grinding  of  the  ahingle  on  exposed 
chores  woald  not  leave  great  stretches  of  peat  with  encloaed  tnmb 
of  trees  with  masses  of  dead  leaves,  twigs,  eta,  lying  in  great  sbfas. 
The  existence  of  these  submerged  peat-beds    occurring   in    thii 
fashion  and  of  their  contents  unweaUiered  and  unworn,  points  lo 
their  having  subsided  rapidly  or  suddenly,  so  that  they  could  not  be 
acte^l  u[y>n  by  the  tide,  but  remained  safe  and  unweathered  at  depths 
where  the  sea  does  not  erode. 

T^jirdly,  if  the  opening  of  the  land-bridge  which  once  limited  the 
fresh-water  Ancyltu  lake  had  been  gradual,  we  should  have  had 
a  gradual  addition  of  salinity  to  the  Baltic  waters  until  it  reached 
a  certain  normal  amount,  when  it  would  have  become  more  or  less 
stationary  and  not  a  culmination  of  the  salinity  at  the  inception  of 
the  Lilorina  stage  and  the  gradual  sweetening  of  its  waters  since. 
The  high  grade  of  salinity  at  the  beginning  of  the  Liiofina  time 
and  its  gradual  declension  since,  is  hardly  explainable  except  as  the 
result  of  a  sudden  inpouring  of  salt  water  due  to  a  sudden  or  very 
rapid  breakdown  of  the  land -bridge. 

Again,  there  is  direct  evidence  that  since  the  so-called  Neolithic 
a;^e  there  have  l>een  some  cataclysmic  phenomena  which  have  caused 
(y^nsiderable  movements  of  water  in  this  part  of  the  Baltic.  To  one 
of  thoHO  inundations  some  inquirers  have  given  the  name  of  the 
Cimbrian  flood,  and  they  have  associated  it  with  the  well-known 
passage  in  Ammianus  Maroellinus  in  which  he  says,  '*  The  Druids 
affirm  that  the  inhabitants  poured  in  from  the  islands  on  the  coast 
and  from  the  districts  beyond  the  Rhine,  having  been  driven  from 
their  former  abodes  by  frequent  wars,  and  sometimes  by  inroads  of 
the  tempestuous  sea  "  (op.  cit.,  xv,  ch.  9). 

More  directly  geological  evidence  of  a  similar  fact  is  forthcoming. 
Thus,  Forchhammer  says  that  on  the  islands  west  of  Sleswig  traces  of 
an  inundation  may  bo  found  to  the  great  height  of  about  60  feet  above 
the  present  high-water  mark,  which  happened  while  the  islands 
were  inhabited  by  man,  because  we  find  tumuli  partially  destroyed 
by  the  inundation.  The  effect  and  height  of  this  flood  may  easily 
be  traced  by  a  bed  of  pebbles,  partly  rounded,  partly  angular,  con- 
taining now  and  then  fragments  of  bricks,  and  easily  distinguished 
from  a  beach  by  its  occurrence  in  one  single  bed  hardly  a  foot  thick, 
undulating  with  the  surface,  and  in  one  place  found  only  a  few  feet 
above  high-water  mark,  while  at  others  it  is  about  50  feet  above  it 
He  considers  it  as  the  washing  away  of  the  finer  materials,  or  the 
sand  and  sandy  clay  (Forchhammer,  Geol.  Trans.,  ser.  ii,  vi,  160). 

The  existence  of  the  great  as  on  the  seaboard  of  Scania  called  the 
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Jara  wall,  already  desoribed,  whioh  o^bsrlies  deposits  oontaining 
objects  of  the  Stone  age  and  remains  of  Pleistocene  beasts,  and 
belongs  therefore  to  the  Litorina  time,  is  another  proof  that  the 
ooming  in  of  that  period  was  accompanied  by  some  cataclysm 
involving  a  great  rush  of  water.  Those  who  have  attributed  this 
great  mound  and  rampart  to  the  ordinary  operations  of  the  tide 
have  surely  entirely  given  up  induction  in  their  pursuit  of  the 
fantastic  type  of  the  doctrine  of  Uniformity,  which  is  so  fashionable 
and  so  entirely  metaphysical.  Nilsson,  who  was  the  first  scientific 
man  to  critically  explore  the  Jiira  wall,  and  who  first  really  explained 
its  history,  was  most  emphatic  that  it  was  no  result  of  slow 
secolar  movements  of  the  sea,  but  of  a  cataclysm  on  a  great  scale, 
probably  coincident  with  the  first  inrush  of  the  salt  water  to  the 
Baltic  on  the  breakdown  of  the  land-bridge. 

Turning  from  this  great  as  of  Southern  Sweden  to  the  asar  of 
Central  Sweden  and  of  the  islands  on  the  coast  of  Esthland,  whose 
upper  beds  are  in  some  cases  full  of  the  debris  of  the  Ziiorina  sea, 
we  are  constrained  to  the  same  conclusion. 

The  as  at  Enkoping  is  a  typical  instance  of  an  as  in  which  the 
upper  layers  are  intercalated  with  beds  containing  shells  dating  from 
the  Zdtorina  time.  They  occur  chiefly  along  the  portion  of  the  as 
extending  from  the  church  to  the  tilery,  which  runs  from  about 
102  to  130  feet  in  height.  The  richest  deposits  of  shells  of  the 
beds  occur  on  the  south-eastern  slope  of  the  as,  and  at  one  place  a 
bed  several  feet  thick  occurs  which  is  almost  entirely  composed  of 
broken  shells  of  Myiilus  edtdia  and  Tellina  halthica.  This  south- 
eastern slope  has  an  angle  of  from  20  to  25  degrees,  and  its  upper 

layers  consist  in  descending  order  of — 

Feet. 

Gravel  with  rolled  pebbles 2*6 

A  bed  of  shells  very  argillaceous 3*0 

Sand  and  gravel  with  a  few  rolled  pebbles  1*0 

Clay  without  shells 0-5 

8and  and  gravel  with  a  few  rolled  pebbles  1*0 

Shelly  gravel  0*3 

Sand  and  gravel  with  a  few  rolled  stones 1*0 

Clav  (styled  glacial)  without  shells  0*5 

Sand  and  gravel  with  rolled  stones  3*5 

Sand  as  far  as  the  bottom  of  the  trial  pit 10*0 

On  the  north-west  or  opposite  slope  of  the  as  the  beds  were — 

Feet. 

Fine  gravel  ...        ...        ...        ...        ...        ...        ...  1*0 

Shelly  gravel  (chiefly  with  Jfy^tZcM)  0*3 

Fine  gravel  ...         ...        ...        ...        ...        ...        ...  0*5 

Shelly  gravel  without  clay 0*2 

Fine  grave) 0*3 

Shelly  gravel  without  clay 0*7 

Fine  stratified  sand 3*0 

So-called  glacial  clay  with  threads  of  sand  ...  5*6 

oanu  ...        ...        ...        ...        ...        ..•        ...        ...  Q'U 

The  as  is  traversed  by  a  valley  leading  from  the  tilery  to  the 
plain  from  north-east  to  south-west,  which  is  covered  with  typical 
black  clay  containing  Mytilus  edults,  and  in  its  upper  loii^^i^  \&  4}i\»^ 
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with  vegetable  debris  of  different  kinds,  as  for  example  branches  o 
Equtsetum  limoaum  mixed  with  fragments  of  oonifers  and  leaves  o 
the  oak,  willow,  and  poplar,  needles  and  oones  of 
aylvestria,  oones,  branches,  and  bark  of  the  fir  (Abies)  and  thai 
poplar,  remains  of  a  Sparganium  with  leaves  of  grass,  of  Ledivm- 
palustre,  etc.  Erdmann  argues  that  the  Equiaeium  lived  at  the^ 
margin  of  the  water,  but  that  the  other  debris  were  transported  by 
running  water  (**  Expose  des  formations,"  etc,  pp.  95  and  96). 

These  facts  seem  to  me  to  point  to  some  interesting  resnlts.  It  is 
probable  that  the  shells  are  not  all  ta  eitH  on  the  as.  They  are  frag- 
mentary and  transported.  Nor  is  it  quite  easy  to  see  how  they  oonld 
well  have  lived  on  the  two  slopes  of  the  as,  which  rises  like  a  rampart 
from  the  adjoining  low  country,  and  in  no  way  forms,  or  oould  ever 
have  formed,  a  boundary  to  the  sea.  The  shells  in  question  are 
distinctly  shore  shells,  and  could  hardly  again,  have  lived  both  on  the 
top  of  the  as  €md  also  at  the  bottom  of  the  valley  cutting  through  it, 
where  they  are  also  found,  at  the  same  time,  and  the  question  may 
well  be  raised  whether  these  upper  beds  can  be  explained  by  any 
other  process  than  a  cataclysm,  and  whether,  as  in  the  case  of  the 
Jara  wall,  they  were  not  laid  down  in  a  violent  way  at  the  time 
when  the  bridge  was  broken  down  separating  the  outer  sea  from  the 
great  Ancylus  lake,  when  a  great  ifirush  of  water  must  have  taken 
place.  This  seems  to  be  the  only  way  of  accounting  for  the  facts, 
which  will  also  account  for  the  finding  of  many  very  large  erratics 
on  the  crests  of  some  of  the  shell-bearing  asar,  which  must  have 
needed  some  gigantic  force  to  move  them. 

It  seems  quite  preposterous  in  this  case  to  appeal  to  ice-portage,  for 
the  climate  of  the  country  during  all  the  Litorina  time  was,  as  we  shall 
see  in  a  later  paper,  as  mild  or  even  milder  than  it  is  now.  Apart 
from  this  there  are  not,  and  never  could  have  been,  icebergs  in  the 
Baltic,  certainly  not  at  a  time  when  the  present  flora  occupied  the 
land.  The  only  ice  available  would  be  shore  ice,  but  shore  ice  is  only 
found  and  only  acts  on  sea-beaches.  It  cannot  reach  up  to  150  feet 
above  the  water-level,  which  is  the  height  of  this  as.  If  the  as 
was  already  there  when  the  shells  and  also  the  boulders  were 
deposited,  there  can  be  no  question  of  its  having  been  there  as 
a  beach  barrier.  The  fact  of  the  shells  occurring  on  both  slopes 
forbids  such  a  notion,  as  does  the  whole  arrangement  of  the  beds  in 
the  liuge  mound.  Nowhere  that  we  know  of  are  beach  ramparts 
being  formed  in  the  fashion  of  these  iisar.  Anyone  who  will  visit 
them  and  tramp  over  them  for  miles,  as  I  have  done,  and  sit  upon 
and  contemplate  the  size  of  the  erratics  on  their  back,  and  the 
conditions  and  surroundings,  physical  and  biological,  in  which  they 
occur,  and  who  still  pleads  for  ice  as  the  transporter  of  the  stones  which 
lie  in  and  on  their  current-bedded  sands  and  gravels  with  such  shells 
as  Mytilus  and  Cardium,  seems  to  me  to  have  abandoned  science  for 
romance  and  metaphysics,  and  this  may  even  be  the  case  with  some 
prominent  and  very  confident  advooates  of  what  is  called  moderate 
glacialism. 

I  propose  to  return  to  the  question  in  another  paper.     Meanwhile 


Sir  H.  H.  Howortk—The  Baltic^The  Ancylm  Sea.     351 

let  me  support  the  position  I  am  maintaining  by  an  appeal  to  two  of 
my  old  masters,  whom  I  have  tried  to  imitate  at  least  in  one  respect, 
namely,  by  a  patient  and  laborious  exploration  of  these  asar  on  the 
spot,  and  not  in  the  method  by  which  the  Qerman  philosopher  made 
luB  cameL 

First,  Morchison,  who  had  no  doubt  about  the  asar  having  been 
the  products  of  aqueous  and  not  of  ice  action.  Murchison  refers  to 
the  shells  of  the  Baltic  Sea  as  previously  mentioned  by  Lyell  as 
occurring  in  a  blue  clay  beneath  the  great  mass  of  asar  drift, 
indicating  in  the  clearest  manner  a  submarine  condition  when  the 
drift  was  transported  (Q.J.O.S.,  iii,  p.  365).  Again,  he  says,  <'In 
the  sandy  and  gravelly  beds  of  the  as  on  which  the  castle  of  Upsala 
stands  Mr.  Maoklin  found  several  species  of  shells,  including  the 
TeUifM  halthica ;  other  argillaceous  beds  of  blue  clay  which  occupy 
the  banks  of  the  river,  on  either  side  of  which  the  asar  rise  up,  are 
also  in  some  spots  absolutely  loaded  with  this  shell,  showing  that 
the  whole  base  of  the  soft  and  overlying  formations  is  truly  of 
aqueous  origin  of  no  very  distant  date,  the  shells  being  specifically 
the  same  as  those  now  living  in  the  adjacent  Baltic  and  exhibiting 
their  nacre  perfectly  preserved  "  (id.,  p.  369). 

Lyell  in  describing  the  asar  of  Sweden  says  they  were  certainly 
produced  under  the  sea.  They  usually  consist  of  stratified 
sand  and  gravel,  the  layers  being  often  at  high  inclinations, 
but  where  they  are  composed  of  boulders  no  stratification  is 
observable.  After  a  long  search  he  says  he  found  shells  in  a  layer 
of  marl  in  a  ridge  near  Upsala,  about  12  feet  below  the  summit  of 
the  ridge  and  80  above  the  sea.  The  shells  are  the  commonest 
now  in  the  Baltic.  On  the  summit  of  the  ridge  he  noticed  angular 
masses  of  gneiss  and  granite  from  9  to  16  feet  long,  which  had 
evidently  been  lodged  when  the  ridge  was  submarine. 

Elsewhere  he  speaks  more  definitely. 

*'  In  Sweden,*'  he  says,  **  in  the  immediate  neighbourhood  of 
Upsala,  I  observed  in  1834  a  ridge  of  stratified  sand  and  gravel, 
in  the  midst  of  which  occurs  a  layer  of  marl,  evidently  formed 
originally  at  the  bottom  of  the  Baltic  by  the  slow  growth  of  the 
mussel,  cockle,  and  other  marine  shells  of  living  species  intermixed 
with  some  proper  to  fresh  water.  The  marine  shells  are  all  of 
dwarfish  size,  like  those  now  inhabiting  the  brackish  waters  of  the 
Baltic ;  and  the  marl,  in  which  myriads  of  them  are  embedded,  is 
now  raised  more  than  a  hundred  feet  above  the  level  of  the  Gulf  of 
Bothnia.  Upon  the  top  of  this  ridge  (one  of  those  called  osars  in 
Sweden)  repose  several  huge  erratics,  consisting  of  gneiss,  for  the 
most  part  unrounded,  from  9  to  16  feet  in  diameter,  and  which 
must  have  been  brought  into  their  present  position  since  the  time 
when  the  neighbouring  gulf  was  already  characterized  by  its  peculiar 
fauna.  Here,  therefore,  we  have  proof  that  the  transport  of  erratics 
continued  to  take  place,  not  merely  when  the  sea  was  inhabited  by 
the  existing  testacea,  but  when  the  North  of  Europe  had  already 
assumed  that  remarkable  feature  of  its  physical  geography  which 
separates  the  Baltic  from  the  North  Sea,  and  cavisea  th^  Q(>\\^  ^^ 
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Bothnia  to  have  only  one-fourth  of  the   saltness   belonging    ^ 
the  ooean. 

''  I  cannot  doubt  that  these  large  erratios  of  Upsala  were  brougt'^ 
into  their  present  position  during  the  reoent  period     ... 
The  Upsala  erratics  may  belong  to  nearly  the  same  era  as  the  refu^^, 
heaps  (i.e.  the  Danish  kitchen  middens)."     ("Antiquity  of  Man^ 
pp.  281-2.) 

This  is  a  remarkable  conclusion  for  a  man  of  Lyell's  views 
have  arrived  at,  and  it  clearly  shows  that  in  his  view  the  asar,  or 
some  of  them,  actually  dated  from  so  reoent  a  time  as  the  Neolithi 
age,  when  the  climate  of  Northern  Europe  was  milder  than  it  is  now^ 
and  when  ice-portage,  as  necessitated  by  the  glaoialista'  theorie 
about  these  and  similar  erratics,  are  quite  out  of  oourt. 

I  quote  it  as  showing  that  Lyell  had  no  hesitation  in  attributin 
the  formation  of  the   iisar  and  the  distribution  of  the  enormom 
erratics  which  crowd  their  backs  to  the  action  of  water,  and  not 
that  of  ice,  a  fact  for  which  I  have  made  a  vigorous  fight  in  m^ 
work  recently  published.   It  seems  to  me,  however,  that  the  water  w 
must  appeal  to  in  such  a  case  is  not  the  sea  in  its  normal  moods,  but::' 
the  sea  when  under  the  influence  of  some  cataclysmic  impulse  sudm. 
as  I  have  shown  to  have  probably  initiated  the  Zitorina  stage  of  th^ 
history  of  the  Baltic.     If  this  is  to  be  appealed  to  as  the  fashioner* 
of  the  asar  it  may  be  that  we  have  been  too  sanguine  in  treating  all. 
the  more  recent  raised  shell-beds  in  the  Baltic  area  as  measures  ancE 
indices  of  the  former  permanent  level  of  the  sea,  and  that  they  may^ 
rather  mark  the  level  at  which  the  huge  tide  caused  by  the  breaob. 
in  the  old  land-bridge  deposited  its  load  of  debris.     I  may  revert  to* 
this  issue  in  another  paper. 

EXPLANATION  OF  PLATE  XIX. 

I. 

Map  of  the  Baltic  as  it  is  uc»w  and  as  it  was  at  the  maximum  limit  of  the  Zitorina^ 
Sea.     After  De  Geer.     Nathorst,  Sveriges  Geologie,  p.  267. 

II. 

Fig.   1.     Cardium  edule  (dwarfed  form)  from  Gotland. 
,,     2.     Cardium  edule  (normal  growth,  natural  size)  from  the  Cattegat. 
,,      3.     Tdlina  ballhica  (dwarfed  form)  from  the  as  at  Enkbping. 
,,     4.     Zitorina  litorca  (dwarfed  form)  ,,  ,, 

,,     5.     Zitorina  lit&rea  (normal  growth,  natural  sizej  from  the  Cattegat. 
,,     6.     Paludinella  balthica  (dwarfed  form)  from  Gotland. 
(See  Nathorst,  Sveriges  Geologie,  p.  270.) 
Figs.  2  and  5  give  the  normal  growth  of  Cardium  and  Zitorina  and  their  natural 
size  at  the  Cattegat,  where  they  enjoy  the  full  amount  of  salt  water.     Figs.  1  and  4 
show  the  same  species  of  shells  from  Gotland  and  Enkoping,  dwarfed  by  the  decreased 
salinity  of  the  waters  as  one  recedes  from  the  ocean  towards  the  inner  recesses  of  the 
Baltic.    The  Tellina,  Fig.  3,  is  a  similarly  dwarfed  variety ;  but  Fie.  6,  Paludinella^ 
a  fresh  or  brackish  water  shell,  owes  its  degeneracy  to  too  saline  conditions. 

Errata  in  thb  pkevious  Papbr. 

Page  311,  line  8;  317,  1.  42;  318,  1.  38;  and  320,  1.  9,  for  De  Geers  read  Dc  Geer. 

Page  314,  1.  29,  after  balthica^  insert  Serobieularia  piper ata. 

Page  318,  1.  10,  for  which  read  what ;  and  1.  17,  for  wash  read  mark. 

Page  319,  lines  I  and  16,  for  Lomberg  read  Lonnberg ;  and  1.  40,  for  has  read  have. 
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IT. — The  Lowkb  Oabbohifebous  Problem  ih  Devonshibb. 

By  A.  J.  JuKBs- Browne,  B.A.,  F.O.S. 

[TTHAT  represents  the  Carboniferous  Limestone  in  Devonshire, 
T  Y  is  a  question  that  has  often  been  asked,  but  has  never  yet 
een  answered  in  a  satisfactory  manner.  The  question  has  recently 
een  narrowed  by  the  identification  of  the  Goddon  Hill  Beds  and 
tie  Posidonomya  limestones  with  the  shales,  cherts,  and  limestones 
rhich  overlie  the  mass  of  the  Carboniferous  Limestone  in  South 
V^ales,*  and  with  the  Pendleside  Beds  which  occupy  a  similar 
osition  in  Staffordshire,  Derbyshire,  and  South  Yorkshire.^  Dr.  W. 
lind  considers  these  beds  to  be  more  intimately  connected  with  the 
Jpper  than  with  the  Lower  Carboniferous  Series,  and  in  any  case 
be  homotaxial  equivalent  of  the  main  mass  of  the  Carboniferous 
iimestone  must  be  sought  for  below  them. 

If  the  upward  succession  from  the  Pilton  Beds  be  continuous  and 
inbroken — and  there  is  good  reason  to  believe  that  it  is  so  near 
Barnstaple  and  again  near  Bampton — the  question  has  now  been 
larrowed  down  into  small  limits ;  for  the  whole  Lower  Carboniferous 
leries  must  in  that  case  be  represented  either  solely  by  the  narrow 
(and  of  dark  shales  (Fremington  Beds)  which  intervenes  between 
he  Pilton  Beds  and  the  chert  beds  of  Coddon  Hill,  or  else  by 
hese  shales  together  with  a  certain  portion  of  the  Pilton  Beds, 
further  research  may  reveal  a  purely  Carboniferous  fauna  in  the 
ligher  part  of  the  latter,  but  hitherto  no  such  exclusively 
]!arboniferous  assemblage  has  been  found  in  them,  and  the  problem, 
o  far  as  North  Devon  is  concerned,  remains  as  much  of  a  puzzle 
IS  ever. 

Hitherto,  however,  the  problem  has  always  been  attacked  by 
iomparing  the  succession  in  North  Devon  with  that  of  areas  further 
lorth,  and  endeavouring  to  find  equivalents  for  the  limestones  and 
ihales  of  the  Lower  Carboniferous  Series  which  have  so  great 
i  development  over  both  England  and  Ireland.  In  other  words,  it 
las  been  tacitly  assumed  that  this  series  must  not  only  be  repre- 
(ented  in  Devon,  but  that  the  thickness  of  its  representative  must 
)e  comparable  to  that  of  the  more  northern  facies,  whether  that  of 
he  Bristol  area,  or  of  South  Wales,  or  of  the  south  of  Ireland. 
Phis  assumption  involves  the  further  supposition  that  the 
]]!arboniferous  sea  continued  to  be  as  deep  or  even  deeper  to  the 
ionthward  than  it  was  along  the  latitude  of  South  Wales  and  South 
[reland,  so  as  to  allow  of  the  deposition  of  a  similar  thickness  of 
sediment 

These  assumptions  may  have  hindered  the  solution  of  the  problem, 
ind  it  has  occurred  to  me  that  it  might  be  profitable  to  approach  the 
question  from  the  south ;  for  if  the  representative  of  the  Lower 
Carboniferous   Series  on   the  southern   side  of   the  great  Culm- 


*  See  Summary  Prog.  Geol.  Survey  for  1900,  p.  87. 
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measure  trough  is  as  feeble  as  it  seems  to  be  on  the  northern  side, 
and  if  we  can  find  any  clue  to  the  explanation  of  this  phenomenon 
in  the  south,  it  may  he  applicable  to  the  northern  area. 

There  is  also  this  advantage,  that  the  surveys  and  researches  made 
by  Mr.  TTssher  have  established  the  Devono-Carboniferous  sncoesstoa 
in  South  Devon  and  North  Cornwall,  which  was  formerly  suoh 
a  doubtful  matter.  It  now  appears  that  in  this  area  there  is  a  much 
more  concentrated  type  of  Upper  Devonian,  consisting  mainly  of 
slates  with  interbedded  volcanic  rocks,  and  that  its  total  thickness 
is  much  less  than  in  North  Devon,  so  that  there  is  less  doubt  about 
the  delimitation  of  the  Devonian  and  Carboniferous  systems.  It  is 
true  that  the  actual  passage  from  one  formation  to  the  other  has  not 
yet  been  recognised  in  section,  but  the  limits  within  which  the 
transition  may  lie  are  much  narrower. 

On  the  other  band,  Mr.  Ussher's  work  has  shown  that  the 
succession  of  the  Lower  Culm  Series  in  South  Devon  is  similar  to 
that  in  North  Devon,  being  as  follows  : — 

4.  Dark   shales  and    mudstones    with    occasional    limestones 

(Posidonomya  Beds). 
3.  Hard  cherty  shales  and  chert  beds  (Coddou  Hill  Beds). 
2.  EUird  dark  mudstones. 
1.  Dark  grey  shales. 

The  beds  below  the  cherty  group  are  well  developed  near  Ashton 
and  Trusham  on  the  north-east  side  of  Dartmoor,  and  are  probably 
part  of  the  normal  succession  along  the  northern  and  western 
portions  of  the  area,  but  are  seldom  seen  in  actual  infra-position  to 
the  chert  beds.  The  beds  are  everywhere  so  flexured  and  faulted 
that  Mr.  Ussher  has  never  yet  ventured  to  publish  any  estimate  of 
their  thickness.  It  can,  however,  be  easily  gathered  from  his 
published  descriptions  of  them  that  the  thickness  is  relatively  small, 
and  in  response  to  my  earnest  request  for  some  approximate  idea  of 
their  probuble  thickness  he  has  kindly  informed  me  that  he  thinks 
the  Posidonomya  Beds  may  attain  150  feet,  that  the  chert  beds  and 
the  hard  mudstones  below  may  attain  150  feet,  and  that  he  has 
never  seen  more  than  25  feet  of  the  basal  dark  shales,  though  it  is 
quite  possible  that  they  have  a  thickness  of  50  feet  or  more.  He 
also  tells  me  that  although  he  has  separated  the  '  hard  mudstones ' 
which  underlie  the  chert  beds,  yet  it  is  quite  possible  that  they 
contain  Radiolaria  and  belong  to  the  Chert  Bed  group. 

Mr.  Ussher  also  wishes  me  to  say  that  the  statement  of  possible 
thickness  is  merely  an  expression  of  the  probabilities  of  the  case  as 
impressed  upon  him  by  experience  in  the  field.  That,  however,  is 
all  that  is  necessary  for  the  object  of  this  communication,  and  my 
readers  will  understand  that  the  figures  are  not  to  be  taken  as 
measurements. 

Another  point  of  special  interest  about  this  southern  area  is  the 
presence  of  contemporaneous  volcanic  rocks  both  in  the  Upper 
Devonian  and  in  the  Lower  Culm.  In  the  former  they  are  of 
sporadic  or  local  occurrei^ce,  but  are  specially  provident  to  the  north 


A.  J.  Jukes-Browne — Loiper  Carboniferous  in  Devon.     366 

of  Plymouth.  Of  this  diBtriot  Mr.  Ussher  wrote  in  1901^: — 
"  Contemporaneous  igneous  rocks  occur  in  the  Upper  Devonian  in 
the  immediate  vicinity  of  the  Wearde  St.  Emey  and  Efford 
landstones,  and  these  igneous  rocks  correspond  to  the  lower  part  of 
the  Devono-Carhoniferous  volcanic  group."  Again,  he  says  that 
both  near  Saltash  and  Tavistock  '*  volcanic  rocks  have  been  proved 
to  occur  in  the  Upper  Devonian  and  throughout  the  Lower  Oulm- 
measuree,  but  not  in  the  middle  Culm-measures.*' ' 

Finally,  near  Beer  Alston,  Middle  Culm  sandstones  are  found  to 
rest  directly  on  Upper  Devonian  slates,  and  to  explain  this  he 
invokes  local  unconformity  due  to  the  volcanic  disturbances  in  the 
district,  remarking  that  '*  it  is  probable  that  the  upheaval  of  the 
sea-bed  was  so  irregular  in  the  volcanic  districts  that  Middle  Culm- 
measures,  elsewhere  apparently  conformable  to  the  Lower  Culm- 
measures  (as  regards  position),  were  partly  formed  by  denudation  of 
the  Lower  Culm-measures,  and  so  rest  on  Upper  Devonian  rocks." 

The  existence  of  volcanic  rocks  interbedded  with  the  Lower 
Culm-measures  has  been  known  for  many  years;  they  have  been 
described  by  Mr.  Rutley,'  who  seems  to  have  thought  that  Brent 
Tor  was  the  principal  volcanic  vent,  and  that  it  might  have  formed 
a  volcanic  island  in  the  Carboniferous  sea.  Similar  rocks  (tuffs, 
Bohalsteins,  diabase,  and  dolerite)  occur  throughout  the  range  of  the 
Lower  Culm,  from  Launceston  on  the  west  to  Oakhampton  and 
Belston  on  the  east,  and  again  still  further  east  in  the  Ashton  and 
Trusham  district,  where  there  is  a  marked  development  of  tufis  and 
dolerites  in  the  group  that  contains  the  Chert -beds.  These 
intercalations  are  shown  on  Sheet  339  of  the  Geological  Survey  Map 
(new  series). 

From  the  passages  above  quoted,  and  from  others  which  might  be 
given,  it  is  clear  that  Mr.  Ussher  connects  the  volcanic  disturbances 
and  eruptions  with  ^*  a  general  elevation  of  the  sea-bed  either  after 
or  during  the  deposition  of  the  Lower  Culm  rocks,"  ^  and  the 
production  of  a  local  discordance  near  St.  Mellion.  In  this  view  he 
is  very  likely  to  be  correct,  for  it  is  well  known  that  upheaval 
is  a  frequent  accompaniment  of  volcanic  activity ;  but  it  seems  to  me 
that  the  supposition  of  such  a  movement  will  explain  much  more 
than  a  mere  local  unconformity.  It  will  surely  explain  the  small 
thickness  and  the  character  of  the  deposits  which  constitute  the 
Upper  Devonian  and  the  Lower  Culm-measures  in  South  Devon. 

With  regard  to  the  Upper  Devonian  the  notable  absence  of  grits 
or  sandstones  seems  to  indicate  that  the  area  of  deposition  was  at 
some  distance  from  any  large  area  of  laud,  while  the  small,  sporadic, 
and  lenticular  developments  of  limestone  show  that  the  conditions 
were  not  favourable  for  the  growth  of  calcareous  organisms.     When 


*  Trans.  Inst.  Mining  Eng.,  vol.  xx,  p.  9  of  reprint. 

*  The  Wearde  sandstones  and  associated  volcanic  rocks  are  now  included  in  the 
Upper  Devonian. 

^  Quart.  Joum.  Geol.  Soc,  vol.  xxxvi,  p.  284. 

*  Proc.  Som.  Arch,  and  Nat.  Hist.  Soc. ,  vol.  xlvi,  p.  5\  oi  le^raX. 
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compared  with  the  Upper  Devonian  series  of  North  Devon  the 
natural  inference  is  that  the  southern  area  was  one  in  which  the 
process  of  deposition  of  sediment  went  on  slowly. 

This  slowness  of  deposition  is  still  more  marked  in  the  case  of 
the  Lower  Culm,  for  if  Dr.  W.  Hind  is  right  in  correlating  the 
Posidonomya  Beds  and  the  Chert-beds  with  the  Pendleside  Series, 
there  remains  very  little  indeed  to  represent  the  CarboniferooB 
Limestone  Series ;  merely  some  dark  shales  which  may  be  50  or 
perhaps  100  feet  thick. 

Now  if  we  assume  that  the  whole  area  of  sea-floor  on  which  these 
deposits  were  successively  formed  was  being  more  or  less  rapidly 
raised  as  a  consequence  of  volcanic  disturbance,  and  that  submarine 
vents  were  opened  from  which  lava  and  ashes  were  ejected,  have  we 
not  a  sufficient  explanation  of  the  facts  ?  On  a  submarine  area  lying 
at  some  distance  from  land  and  undergoing  upheaval  only  a  small 
thickness  of  sediment  could  accumulate;  in  the  vicinity  of  active 
volcanic  vents  animal  life  could  not  continually  flourish  on  the 
sea-floor,  and  consequently  limestones  would  either  be  thin  and 
sporadic  as  in  the  Upper  Devonian,  or  entirely  absent  as  in  the  basal 
beds  of  the  Culm. 

In  South  Devon,  therefore,  it  would  seem  that  not  only  have  we 
to  accept  the  fact  that  there  is  very  little  to  represent  the  Lower 
Carboniferous  Series,  but  we  are  furnished  with  a  good  and  sufficient 
reason  for  a  fact  which  would  otherwise  be  very  difficult  to  explain. 

Applying  the  lesson  thus  learnt  in  South  Devon  to  the  problem 
which  has  so  long  exercised  the  minds  of  geologists  in  North  Devon, 
it  is  evident  that  we  may  have  to  accept  as  a  fact  the  absence  of  any 
commensurate  equivalent  of  the  Carboniferous  Limestone  Series; 
for  even  if  it  should  turn  out  that  some  part  of  the  Pilton  Beds  are 
of  Carboniferous  age,  yet  it  is  not  likely  that  any  great  thickness  of 
such  beds  can  come  in  between  those  which  contain  a  Devonian 
fauna  and  the  Fremington  Beds. 

It  may  be  said  that  there  is  no  evidence  of  volcanic  activity 
in  North  Devon  either  during  Upper  Devonian  or  Lower  Culm  time. 
So  far  as  we  know  at  present  there  is  little  evidence  of  it,  but  there 
is  intrusive  felsite  at  Bittadon  near  the  junction  of  the  Morte  Slates 
and  the  Pick  well  Down  Beds,  and  similar  rock  was  traversed  in  the 
Button  Wood  cutting  on  the  Barnstaple  and  Lynton  Railway.^ 
This  felsite  was  described  by  Professor  Bonney  in  1871,'  and 
regarded  by  him  as  probably  of  late  Devonian  age,  but  it  may 
with  equal  probability  be  referred  to  the  Lower  Carboniferous,  for, 
as  Professor  Bonney  pointed  out,  the  only  clue  to  its  age  is  the  fact 
of  its  being  cleaved,  which  proves  the  intrusion  to  be  *'  prior  to  the 
close  of  the  Carboniferous  Period."  Another  dyke  of  intrusive 
igneous  rock  (apparently  basalt)  occurs  in  the  Fremington  Beds 
near  Fremington,  and  Mr.  Hamling  informs  me  that  it  is  not  far 
from  the  passage  to  the  Lower  Culm ;  a  little  further  south  is  a  boss 
of  grey  felspathic  rock,  the  relations  of  which  are  more  obscure. 

>  Summary  of  Prog.  Geol.  Survey  for  1897. 
«  Geol.  VLlq.,  Dec.  U,  Vol.  Y,  ^.  207. 
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But  even  if  there  were  no  active  vents  in  the  northern  area  we 
must  remember  that  the  distance  between  the  two  areas  is  not  great 
The  tract  of  Lower  Culm  at  and  near  Bampton  is  only  24  miles 
north  of  Ashton,  and  Coddon  Hill  is  only  about  the  same  distance 
from  the  northern  border  of  Dartmoor,  so  that  if  the  southern  area 
was  being  elevated  and  shallowed  the  northern  area  could  hardly 
fail  to  partake  in  the  upward  movement  to  some  extent. 

The  great  thickness  of  the  Upper  Devonian  in  North  Devon  does 
indeed  seem  to  indicate  that  no  upward  movement  was  in  progress 
there  during  the  process  of  its  formation,  and  in  this  connection  we 
most  remember  that  we  have  no  proof  of  upheaval  at  this  time 
in  South  Devon,  only  the  association  of  volcanic  rocks.  The  actual 
uplift  may  not  have  taken  place  until  the  beginning  of  Carboniferous 
time,  for  it  is  only  in  the  Lower  Culm  that  evidence  of  erosion  occurs, 
and  it  is  the  Lower  Carboniferous  rocks  which  are  apparently 
to  thin  both  in  South  and  North  Devon. 

The  probability  of  the  suggested  upheaval  and  erosion  in  South 
Devon  is  increased  by  the  fact  that  in  Brittany  (still  further  south) 
there  is  a  decided  break  between  the  Devonian  and  the  Carboniferous. 
Li  that  region  the  oldest  Carboniferous  rocks  are  conglomerates, 
sandstones,  and  volcanic  rocks,  which  lie  unconformably  upon  the 
Middle  Devonian,  both  in  the  basin  of  Chateaulin  and  in  that  of 
Laval.  These  are  succeeded  by  slates  with  occasional  limestones, 
which  seem  to  represent  the  Yis^an  or  upper  part  of  our  Limestone 
Series.^ 

In  conclusion,  I  may  observe  that  I  should  not  regard  the  existence 
of  Badiolaria  in  the  chert-beds  as  constituting  a  difficulty  in  the 
way  of  my  suggestion,  for  I  dissent  from  the  view  that  Radiolarian 
cherts  are  by  themselves  any  proof  of  deep  water.  Mr.  L.  Cayeux 
has  shown  that  siliceous  deposits  containing  Badiolaria  occur  in  the 
Oxfordian  of  the  Ardennes,  in  the  Gaize  de  I'Argonne,  in  the 
Smectique  de  Herve  (Belgium),  and  in  the  Lower  Eocene  tuffeaux 
of  France  and  Belgium.  None  of  these  can  be  regarded  as  specially 
deep-water  deposits,  while  the  last  occurs  in  sands  of  the  age  of  our 
Thanet  Beds,  and  yet  is  very  rich  in  Badiolaria.' 

It  is  evident  from  these  facts  that  other  proofs  than  the  mere 
occurrence  of  Badiolaria  are  required  before  the  supposition  of  very 
deep  water  or  oceanic  conditions  can  be  accepted.  Such  proofs  are 
not  forthcoming  in  the  case  of  the  Culm  chert-beds,  for,  as  I  have 
remarked  elsewhere,'  the  beds  associated  with  them  are  not 
comparable  in  any  way  to  the  oceanic  deposits  of  the  present  day. 
So  far  as  we  can  judge,  Badiolarian  deposits  are  more  indicative  of 
conditions  which  do  not  favour  the  existence  or  the  preservation  of 
the  remains  of  calcareous  organisms  than  of  any  special  depth  of  water. 

Finally,  the  fact  of  the  occurrence  of  similar  cherts  containing 

*  Seede  Lapparent's  Traits  de  Geologie,  4th  ed.,  p.  895,  and  references. 

*  Contrib.  a  Tetude  micro,  des  ten.  s^m. :   Mem.  Soc.  G6ol.  Nord,  torn.  It, 
Lille,  1897. 

*  Stratigraphical  Geology,  p.  269,  Stanford  (1901). 
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Badiolaria  in  Soath  Wales  between  the  OarboniferouB  Limestone  and 
the  Millstone  Grit  proves  that  oonditions  suitable  for  their  formation 
ooourred  at  no  great  distance  from  Oarboniferous  land,  and  goes  far 
tp  disprove  the  view  pot  forward  by  Messrs.  Hinde  and  Fox  that 
the  Lower  Culm  beds  of  Devonshire  are  "  deep-water  representatives 
of  the  shallower-formed  oaloareous  deposits  to  the  north  of  them."  ^ 


in. — A  Wind-worn  Pebble  in  Boulder  Clay. 

By  Dr.  F.  A.  Bather,  M.A.,  F.G.S.,  British  Museum  (Natural  History). 

VnSABLY  forty  years  ago  Mr.  B.  D.  Darbishire  obtained  from  the 
W  Glaoial  gravel  of  Bowdon,  Cheshire,  a  facetted  pebble,  which 
I  afterwards  had  the  privilege  of  describing  (Proa  Oeol.  Assoc.,  xvi, 
pp.  396-420,  pi.  xi,  June,  1900).  The  conclusion  then  reached  was 
that  the  pebble  bore  witness  to  the  action  of  blown  sand  at  a  period 
during  or  not  long  before  the  deposition  of  that  particular  bed  of 
Glacial  Drift  Since,  however,  the  pebble  was  in  other  respects 
similar  to  pebbles  common  in  the  Bunter  beds,  and  since  some  had 
supposed  the  existence  of  desert  conditions  in  those  Tnassio  times, 
there  remained  the  possibility,  and  to  some  minds  the  probability, 
that  the  pebble  in  question  had  received  its  facets  during  the 
Triassic  epoch.  It  may,  therefore,  be  useful  to  draw  attention  to 
a  distinctly  facetted  pebble  from  the  Boulder  Clay  within  twenty- 
five  miles  of  Bowdon.  This  was  found  by  Mr.  W.  D.  Brown,  of 
Burscough  (north-west  of  Ormskirk,  Lancashire),  at  about  three  feet 
below  the  surface  in  the  Burscough  Brick  Company's  clay  pit.  The 
pebble  is  composed  of  a  greyish  micaceous  sandstone,  weathering 
yellow,  and  too  coarse  and  loose  in  texture  to  be  capable  of  taking 
a  polish.  The  facets  on  it,  however,  are  clearly  cut,  and  do  not 
appear  to  have  undergone  much,  if  any,  subsequent  abrasion.  Its 
greatest  length  is  37-5 mm.;  greatest  width,  29*5 mm. ;  greatest 
thickness,  7*9  mm.  What  was  probably  its  uppermost  surface, 
during  the  latest  period  of  its  exposure  to  wind  action,  shows  a  flat 
central  area,  of  irregularly  pentagonal  outline,  surrounded  by  five 
facets,  of  which  one  is  slightly  concave,  one  rather  irregular,  two 
slightly  convex,  and  the  last  markedly  convex  and  probably  retaining 
the  original  curved  surface  of  the  pebble.  The  greater  part  of  the 
under  side  seems  to  preserve  the  original  rounded,  presumably 
water-worn,  shape,  but  about  two-thirds  of  this  side  is  bevelled  at  an 
angle  of  about  45°  by  two  facets  which  are  not  clearly  separated 
from  one  another.  The  number  of  facets  on  the  upper  side  suggests 
that  the  stone  was,  perhaps  more  than  once,  shifted  round  its  vertical 
axis,  while  the  under  side  indicates  that  it  was  at  one  time  blown 
over  into  a  different  position  of  equilibrium.  Nothing,  however, 
would  be  gained  by  further  speculation  :  the  real  value  of  the  find 
seems  to  lie  in  its  confirmation  of  the  view  that  abrasion  by  blown 
sand  did  take  place  in  the  north-west  of  England  during  the  later 
Glacial   age.      Mr.  Brown  tells  me  that  he  found  another  facetted 

1  Quart.  Joum.  Oeo\.  Soc.,  vol.  li,  p.  609  (1895). 
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pebble  in  the  olay  of  the  8ame  pit.  Possibly,  therefore,  wind  aotion 
was  not  rare ;  its  traces  may  even  prove  sufficiently  common  to 
warrant  the  inference  that  steppe-like  conditions  then  extended 
to  those  parts  of  the  country.  The  other  evidence  in  favour  of  that 
view  need  not  be  repeated  here ;  but  it  should  be  borne  in  mind, 
for,  as  pointed  out  in  my  previous  paper  (p.  416),  what  is  good 
proof  of  wind  abrasion  is  not  in  itself  a  necessary  proof  of  steppe  or 
desert  conditions. 

The  pebble  herein  described  remains  in  Mr.  Brown's  collection, 
but  he  has  kindly  allowed  the  Geological  Department  of  the  British 
Museum  to  take  plaster  casts  of  it  For  this,  and  for  his  courtesy  in 
submitting  the  specimen  to  me,  he  has  my  sincere  thanks. 


ly. — The  Bhodesian  Bahkst  Beds. 

By  F.  P.  MuvNSLL,  F.G.S.,  Curator  of  the  Bhodesia  MuBeum,  Bulawayo. 

I.  Introduction. 

WHAT  are  popularly  termed  the  Banket  Beds  of  Johannesburg 
have  for  years  past  been  justly  celebrated  for  their  extra- 
ordinarily large  and  steady  gold  production.  Their  literature  has 
already  assumed  formidable  dimensions,  so  it  is  unnecessary  for  my 
present  purpose  to  give  a  detailed  account  of  the  features  they 
present.  They  form  part  of  what  is  generally  known  as  the 
Witwatersrand  Series,  which  consists  of  highly  altered  sandstones 
and  conglomerates  almost  certainly  of  Archaean  age.^  They  uncon- 
formably  overlie  the  banded  rocks  known  as  the  Hospital  Hill  Beds, 
and  are  overlain  by  the  Dolomite,  often  termed  the  '  Olifants  Klip  ' 
or  'Elephant  Hock.' 

The  gold  in  the  Rand  banket  is  not  found  in  independent  veins  or 
reefs.  It  is  confined  to  a  few  more  or  less  constant  horizons 
(universally  but  erroneously  termed  '  reefs ')  in  the  rock  itself,  but 
at  the  same  time  the  latter  is  highly  impregnated  with  silica  and 
pyrites,  and  it  is  these  cementing  materials,  principally  the  pyrites, 
which  carry  the  gold,  while  the  pebbles  are  practically  non- 
auriferous.  It  thus  appears  that  the  absence  of  true  veins  is 
due  to  the  ease  with  which  solutions  could  spread  through  the 
originally  incoherent  gravelly  material,  instead  of  their  flow  being 
confined  to  cracks  and  fissures.  The  constancy  of  horizon  may 
therefore  be  attributed  merely  to  the  localization  of  precipitants. 
It  is  certainly  not  due  to  the  gold  being  detrital  like  the  other 
materials  of  the  rock  :  regarded  as  ore  deposits  the  Rand  veinstones 
are  in  no  sense  *  alluvial.' 

II.  The  Old  Rhodesian  Conglomerates, 

1  first  drew  attention  to  the  occurrence  of  conglomerates  among 
the  presumably  ArchsBan  rocks  round   Bulawayo  in  the  Rhodesia 

^  See  discussion  of  age  and  correlation,  Geol.  S.  Ehode&\&,  i^^.  1(^-1^. 
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Museum  Report  for  1902.  Sinoe  then  further  inyestigatioD  has 
shown  how  widespread  is  their  distribution  throughout  the  ooantry, 
and  has  yielded  much  evidence  as  to  their  origin,  lithological 
characters,  and  stratigraphical  position,  the  disooveiy  of  gold  in  the 
Lomagundi  district  having  been  instrumental  in  promoting  an  active 
search  for  the  rock  in  nearly  all  the  mining  districts. 

In  view  of  the  fact  that  specimens  have  been  submitted  to  experts 
outside  the  country,  who  have  been  disposed  to  favour  the  idea  thit 
the  rock  is  a  '  crush-conglomerate '  rather  than  an  altered  sediment, 
it  may  be  as  well  to  at  once  state  the  evidence  against  snob  a  view. 
The  internal  evidence  of  even  a  good  series  of  specimens  is  quite 
sufficient  to  negative  the  idea,  while  no  one  fully  acquainted  with 
the  geological  features  of  Bhodesia  would  ever  have  given  it 
oonsideration. 

As  an  Archssan  rock,  the  conglomerate  has  undergone  a  considerable 
amount  of  alteration.  It  exhibits  the  results  of  shearing  and  crushing 
to  a  marked  degree,  as  well  as  changes  due  to  the  infiltration  of 
secondary  minerals.  But  at  the  same  time  its  original  features  are 
by  no  means  unrecognisable.  Thus  we  find  that  there  is  no  grading 
of  the  pebbles  into  the  surrounding  matrix  :  in  spite  of  crashing  and 
slips  they  show  perfectly  well-defined  boundaries  even  in  sections 
under  the  microscope.  More  than  this,  they  exhibit  the  greatest 
variety  of  rock  types,  and  often,  one  may  say  as  a  rule,  the  common 
types  of  pebble  are  quite  different  in  composition  to  the  matrix. 
Thus,  even  where  quartz  and  granite  fragments  are  predominant, 
there  is  often  no  quartz  in  the  finer  materifd.  There  are  frequently 
scarcely  any  representatives  of  the  surrounding  rocks  among  the 
pebbles,  which  comprise  on  the  other  hand  petrological  types 
nowhere  known  in  Rhodesia  at  the  present  day  in  situ.  I  may 
instance  the  fact  that  a  few  yards  of  outcrop  near  Hopefountain 
yielded  me  on  a  hurried  visit  the  following  varieties  of  pebble : 
white  glassy  quartz,  dark  quartz,  banded  ironstone,  *  halleflinta,*  two 
kinds  of  chlorite  schist,  hornblende  schist,  granite,  granophyre, 
porphyrite,  and  at  least  two  distinct  kinds  of  amygdaloidal  lava. 
It  will  be  evident  from  this  that  the  crush  theory  is  by  no  means 
strengthened  even  by  such  a  supposition  as  the  entire  breaking  down 
of  an  igneous  intrusion.  But  it  is  the  stratigraphical  evidence  which 
is  decisive,  and  it  is  unnecessary  to  dwell  on  the  points  already 
raised  in  view  of  the  distribution  of  the  conglomerate  over  the  entire 
country,  taken  together  with  its  great  thickness  and  its  position 
being  always  reconcileable  with  its  occupying  a  constant  horizon. 
The  rock  is,  in  fine,  precisely  what  one  would  expect  to  result  from 
the  denudation  of  an  extensive  area  of  varied  igneous  and  metamorphic 
rocks.  Hard  and  resistant  substances  like  vein  quartz,  banded  iron- 
stone, granophyre,  and  halleflinta  form  most  of  the  pebbles,  while 
the  more  easily  disintegrated  granites  and  schists  have  usually  gone 
to  make  up  the  finer  matrix.  Tlie  ready  decomposition  of  the  more 
basic  igneous  rocks  and  hornblende  or  chlorite  schists  affords  an 
obvious  explanation  of  the  cases  where  the  pebbles  are  largely 
quartz,  with  some  granite  or  gramophyre,  in  a  matrix  now  converted 
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by  metamorphism  into  honiblendio  or  chloritio  sebist.  And  crnsbing 
as  a  mode  of  formation  is  obviously  inoonoeivable  in  the  oases,  by  no 
means  uncommon,  where  numerous  chlorite-sohist  pebbles  occur  in 
a  sandy  matrix. 

UL  Stratigraphieal  Fositiwi, 

In  discussing  its  origin  I  have  already  remarked  on  the  constant 
horizon  of  the  conglomerate.  It  is  the  topmost  member  of  the 
Rhodesian  Arcbsdan  group,  which  comprises — 

(3)  Oonglomerate  and  grits. 
(2)  Banded  ironstone. 
(1)  Crystalline  schists. 

The  last  include  the  oldest  rocks,  but  also  a  certain  number 
of  recrystallized  masses  which  represent  relatively  late  igneous 
intrusions.  The  three  gproups  are  unconformable,  though  they 
usually  exhibit  a  conoordant  strike  and  dip.  These,  however,  are 
obviously  more  apparent  than  real,  the  dip  being  that  of  foliation 
or  cleavage.  The  banded  ironstones,  it  may  be  as  well  to  mention, 
are  an  enormously  thick  series  of  altered  sediments,  sometimes, 
though  rarely,  slaty,  but  more  often  highly  silicified  and  jaspery, 
or  consisting  almost  entirely  of  limonite,  hsBmatite,  or  magnetite. 
The  banding,  which  is  probably  a  very  unsafe  indication  of  bedding, 
is,  however,  always  to  be  seen,  an  alternation  of  red  and  white, 
brown  and  white,  or  other  dark  and  light  bands  being  conspicuous 
in  most  cases.  These  rocks  are  known  as  Griquatown  Beds  in  Cape 
Colony  and  Hospital  Hill  Beds  on  the  Rand,  in  which  latter  locality 
they  unconformably  underlie  the  famous  banket  Our  conglomerate 
has  thus  precisely  the  same  stratigraphieal  position  :  it  unconformably 
overlies  the  banded  ironstone  and  is  implicated  in  most  of  the  later 
movements  of  that  rock,  a  corresponding  foliation  having  been 
impressed  upon  it.  The  great  granite  masses  of  Rhodesia  are 
intrusive  in  all  the  rocks  up  to  and  including  the  conglomerate, 
and  some  of  the  epidiorites,  in  which  the  granites  are  themselves 
intrusive,  are  almost  certainly  the  result  of  the  alteration  of  doleritic 
intrusions  also  later  than  the  conglomerate.  In  any  case  the  con- 
glomerate contains  no  pebbles  derived  from  them.  I  think  the 
probabilities — and  these  are  all  we  have  to  go  upon  in  any  South 
African  correlations — are  extremely  strong  in  favour  of  the  Rhodesian 
conglomerate  being  the  stratigraphieal  equivalent  of  the  Witwaters- 
rand  Beds. 

As  regards  distribution,  the  only  districts  where  the  conglomerate 
has  yet  been  continuously  traced  over  a  large  area  are  those  of 
Bulawayo  and  Lomagundi.  It  is,  however,  known  to  occur  in  the 
Umtali,  Abercorn,  Mazoe,  Hartley,  Sebakwe,  Selukwe,  Victoria, 
Belingwe,  Bubi,  and  Gwanda  districts,  that  is  to  say,  scattered 
over  an  area  of  fully  100,000  square  miles.  The  thickness  of  the 
rock  and  the  associated  finer  sediments  is  very  variable.  Near 
Bulawayo  it  is  from  a  few  hundred  to  several  thousand  feet  thick, 
and  it  is  probable  that  the  average  is  at  least  1,000  feet. 
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IV.  Ecanomie  Iiwpartoiiee. 

The  geological  oorrespoDdenoe  of  the  Bhodesian  ooDglomeratfls 
with  those  of  the  Rand  naturally  raises  the  question  of  their  proving 
of  similar  economic  importance.     As  a  matter  of  fact,  though  it  h&B 
not  been  generally  reoc^nised,  <  banket '  has  been  worked  for  some 
time  on  the  Wanderer  Mine  at  Selukwe,  a  big  low-grade  deposit  at 
the  junction  of  the  conglomerate  and  the  banded  ironstone,  the  latter, 
however,  forming  the  bulk  of  the  ore.     Tlie  conglomerate  has  been 
tested  in  numerous  other  localities,  with  poor  results,  and  so  far  it  is 
only  at  the  Eldorado  Mine  in  the  Lomagundi  district  that  gold  hae 
been  proved  to  exist  in  payable  amount.     Recent  developments  tt 
this  locality  have  shown  that  not  only  is  the  ore  in  general  of  very 
high  grade,  but  that  the  ore  shoot  contains  occasional  patches  of 
phenomenal  richness.     The  conglomerate  is  here  altered  and  sheared 
to  a  greater  extent  than  usual.      The  matrix  has  passed  into  the 
condition  of  hornblende  schist,  and  consists  of  deep-green  ragged 
hornblendes,  irregular  felspar  granules,  and  some  possibly  seeondaiy 
quartz ;  epidote,  biotite,  and  chlorite  being  also  present  in  addition 
to  magnetite  and  pyrites.     The  pebbles,  which  are  occasionally  large 
enough  to  be  termed  boulders,  are  chiefly  of  granite  or  granophyre, 
considerably  altered,  but  not  so  much  so  as  to  leave  any  doubt  as  to 
their  nature.      Nearly   black   quartz   is  common,   and   what  may 
possibly  be  banded  ironstone  also  occurs.     Pebbles  of  white  quarts 
are  rare,  but  many  little  veins  of  secondary  quartz  are  seen,  some- 
times traversing  faulted  pebbles  in  a  most  interesting  manner,  while 
there  is  often  a  good  deal  of  pyrites.     The  rich  specimens  enable  the 
distribution  of   the  gold    to  be   studied  with    unusual    ease.      The 
precious  metal    is  practically    confined  to   the  matrix   of   the  con- 
glomerate, and    is    principally  seen  in  cracks   formed  after  it  had 
assumed  its  present  characters,  apart  of  course  from  those  due  to 
changes  resulting  from  the  introduction  of  the  gold  itself  and  that  of 
the  other  secondary  minerals  by  which  it  is  accompanied.      Even 
where  very  rich  the  gold  is  fine  and  not  nuggety  ;  it  is  rarely  seen 
in  the  pebbles.     When  they  do  show  it,  it  is  always  along  cracks 
formed  during  the  extension  of  the  pebbles  at  right  angles  to  the 
pressure,  or  along  slipping  planes,  sometimes  with  and  sometimes 
without   secondary   quartz    and   pyrites.      Round  the  pebbles,  and 
especially  at  their  ends,  wliere  slips  would  tend  most  to  loosen  the 
rock,  the  gold  is  often  very  abundant,  forming  a  regular  coating  to 
the  pebbles  in  extreme  instances.     It  is  clear  that  here,  as  on  the 
Rand,  the  gold  is  of  secondary  origin,  and  was  not  present  during 
the  original  deposition  of  the  rock. 

I  may  conclude  by  expressing  my  indebtedness  to  Dr.  H.  Sauer 
for  specimens,  etc.,  and  for  permission  to  describe  the  Eldorado 
rock  ;  to  Messrs.  J.  L.  Popham  and  A.  J.  C.  Molyneux,  F.G.S.,  for 
specimens  and  slides ;  and  to  Mr.  H.  £.  Jones,  A.R.S.M.,  for  some 
valuable  notes  and  suggestions. 
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Mineralogioal  Surrey  of  Ceylon. 

(PLATE  XX,  IN  TEXT.) 

rE  object  of  the  present  paper  is  to  provide  a  short  aooount  of 
a  gronp  of  rocks  towhioh  the  general  name  of  pyroxenite  may 
be  given,  inasmach  as  they  are  essentially  non-felspathic  plutonio 
rocks,  free  from  olivine,  and  of  igneous  origin,  and  with  a  nearly 
ooloarless  monoclinic  pyroxene  as  the  chief  or  only  constituent  of 
many  of  the  most  conspicuous  varieties.*  The  exposures  are  widely 
distributed  in  the  Central,  Ova,  and  Sabar^amuwa  provinces,  and 
probably  throughout  Ceylon,  but  are  individually  of  very  small 
extent.  The  rocks  are  composed  of  the  minerals  diopside,  amphibole, 
phlogopite  (or  biotite),  scapolite,  pyrite,  sphene,  and  sometimes 
felspar,  calcite,  and  spinel ;  the  dominant  mineral  is  the  pale  green 
or  grey  granular  diopside,  colourless  in  thin  sections:  the  rocku 
ue  often  entirely,  or  almost  entirely,  composed  of  this  mineral ; 
next  in  importance  are  green  amphibole  (dark  in  hand-specimen h, 
bat  very  pcde  in  thin  sections),  and  a  pale  golden-brown  phlogopite, 
which  sometimes  forms  a  large  proportion  of  the  rock,  and  iik 
extreme  cases  the  whole  bulk  of  sills  or  dykes  several  feet  in 
thickness. 

The  rocks  occur  in  sills  and  dykes  of  all  sizes,  from  a  fraction  of 
w  inch  to  six  feet  or  more  in  thickness,  and  their  intrusive  character 
b  generally  clear.  Very  similar  or  identical  rocks  occur  also  as 
nodular  aggregates  in  crystalline  limestones,  and  also  near  and 
along  junctions  of  granulite  and  crystalline  limestone';  but  for  the 
sake  of  brevity  and  clearness,  only  those  occurrences  which  are  less 
particularly  associated  with  the  crystalline  limestones  are  described 
in  the  present  paper.  The  pyroxenites  are  clearly  intrusive  in  the 
obamockites  or  granulites  ;  although  often  occurring  in  beds  or  sills 
following  the  foliation  planes  of  the  granulites,  they  occur  equally 
>r  more  often  as  typical  dykes  crossing  these  foliation  planes,  and 
sometimes  occupying  joints  ;  the  figures  illustrate  examples  of  both 
modes  of  occurrence,  which,  moreover,  are  frequently  associated. 

This  occupation  of  joints  shows  that  the  pyroxenic  material  mu8t 
bave  been  introduced  after  the  granulites  bad  sufficiently  con- 
iolidated  to  allow  of  the  formation  of  joints.  This  fact,  together 
with  another,  viz.,  the  occurrence  of  what  seems  to  be  a  very 
ordinary  mica  pyroxene  dyke  cutting  the  zircon  granite  (itself 
belonging  to  the  Balaugoda  group,^  and  forming  an  intrusive  sill  in 

•  For  a  discossion  of  the  nomenclature  of  similar  rocks,  see  C.  H.  Gordon  "  On 
the  Pyroxenites  of  the  Grenville  Series  in  Ottawa  County,  Canada,**  Journal  of 
Qeolo^,  Tol.  xii.  No.  4,  1904,  pp.  324,  325. 

•  For  descriptions  see  A.  K.  Coomkraaw&my,  **The  Crj'stalliue  Limestones  of 
Ceylon,"  Quart.  Joum.  Geo!.  Soc.,  1902,  vol.  Iviii,  pp.  399-422. 

•  A.  K.  Coomfirasw&my,  Gbol.  Mao.,  No.  482  (1904),  pp.  U%-\TI. 
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the  Charnookite  Series  or  grannlites)  of  Massena  estate,  Balangoda, 
appears  to  indicate  that  the  date  of  the  pyroxenite  intrasions  was 
long  posterior  to  that  of  the  intrusion  and  consolidation  of  the 
grannlites.  Nevertheless,  careful  examination  of  the  junctions  shows 
that  there  is  never  any  sign  of  a  chilled  edge,  but  the  pyroxemo 
rock  passes,  rapidly  indeed,  but  never  abruptly,  into  the  granulitio 
rock  next  to  it,  and  this  even  where  the  intrusive  character  is  other- 
wise most  distinct.  There  is,  in  fact,  a  rapid  transition  from  one 
rock  to  the  other.  Inasmuch  as  the  pyroxenites  are  intmsive  in 
rocks  which  had  cooled  sufficiently  to  allow  of  the  formation  of 
joints,  these  facts  seem  to  show  that  re-melting  must  have  taken 
place  to  some  extent. 

A  zoned  structure  is  very  characteristic  of  the  rocks,  the  zoning 
being  marked  by  the  distribution  of  mica  in  bands  parallel  to  the 
edges  of  the  dyke  or  sill,  the  individual  crystals  of  mica  being 
disposed  in  planes  perpendicular  to  the  edges  of  the  dyke  or  sill, 
which  is  often  symmetrical  in  structure  about  a  median  line,  after 
the  manner  of  mineral  veins.  The  zoned  structure  is  not  always 
produced  by  mica ;  in  Fig.  Ill,  PL  XX,  p.  366,  for  example,  the 
central  darker  zone  is  distinguished  by  its  content  of  hornblende, 
and  mica  is  not  present. 

The  pyroxenites  seem  to  be  in  some  way  connected  both  in 
mineral  composition  and  in  actual  distribution  with  the  oocorrenoe 
of  crystalline  limestones,  though  the  exact  relation  is  not  perfectly 
clear.  One  curious  feature  is  the  presence  of  carbonates  in  parts  of 
the  dykes,  especially  at  Ella  (Uva)  and  Eadawat  Oya  (Sab.) ;  when 
it  becomes  abundant,  the  central  zone  is  sometimes  indistinguishable 
from  an  ordinary  crystalline  limestone  with  abundant  accessory 
minerals. 

A  more  detailed  account  of  various  exposures  (especially  those 
illustrated)  will  now  be  given ;  the  localities  described  have  been 
visited  at  various  times  during  the  last  two  years. 

1.  At  Ella  (Uva)  are  interesting  exposures  (Fig.  I,  PI.  XX,  p.  366) 
in  the  bed  of  the  Kitul  Ela,  just  below  the  point  at  which  it  is 
joined  by  the  small  stream  from  near  the  Rest  House.  The  main 
part  of  the  intrusive  rock  consists  almost  entirely  of  granular 
greyish-green  diopside  (1152);*  in  parts  scapolite  and  a  little 
granular  spbene  are  also  present,  and  more  locally  hornblende 
or  mica.  A  section  (1153)  through  the  junction  with  granulite  at 
the  point  X  in  the  figure  shows  granulite  (a  rock  composed  of 
quartz  and  orthoclase  with  a  little  pale-green  diopside)  passing 
very  rapidly  but  with  no  loss  of  continuity  into  a  granular  rock 
consisting  of  colourless  diopside  with  scapolite  and  a  few  rounded 
grains  of  sphene.  At  one  point  in  the  exposure  a  large  crystal  of 
diopside  projects  from  the  pyroxenite  into  the  granulite,  merely  an 
exaggeration  of  the  usual  interlocking  of  minerals  at  the  junction. 
The  inner  portion  of  the  pyroxenite  (at  h)  becomes  rich  in 
carbonates,  and  the  relation  to  the  rather  impure  granulites  at  g^ 

*  The  numbers  in  brackets  refer  to  thin  sections  in  the  author's  collection. 


in  the  Ceylon  Oranuliies.  365 

is  not  quite  dear.  The  bands  of  intruBive  pyrozenite  following 
the  granulite  foliation  planes  tend  to  pass  into  lenticles,  as  if  by 
a  process  of  pinching,  the  lenticular  forms  being  exactly  followed 
by  the  granulite  foliation  planes ;  this  fact,  and  the  junction 
phenomena,  makes  it  seem  likely  that  the  granulites  were  not  in 
a  completely  consolidated  state  when  the  pyroxenio  material  was  intro- 
duced.   Similar  '  pinching'  is  shown  in  Fig.  II,  PL  XX,  p.  366,  at  X. 

2.  In  the  bed  of  the  Talatu  Oya  at  Udnwela,  near  Eandy,  there 
are  several  exposures  of  pyroxenio  rock.  Fig.  II  shows  sills  of 
pyroxenite  (nearly  pinched  out  at  X)  combined  with  dykes  along 
joint  planes.  A  section  (1067)  of  the  junction  at  X  shows  the 
intrusive  rock  to  consist  internally  of  an  aggregate  of  colourless 
diopside  with  a  peripheral  homblendic  zone  passing  into  the 
granulite,  in  which  plagioclase  and  diopside  are  the  dominant 
minerals,  and  pyrite  is  also  common.  A  section  (1069)  of  the 
pyroxene  further  from  the  edge  shows  only  colourless  diopside 
with  a  trace  of  plagioclase  and  green  spinel.  A  junction  section 
(1068)  at  0  (Fig.  U)  showed  orthoclase  diopside  rock  (granulite) 
passing  into  a  diopside  plagioclase  rock  (pyroxenite)  with  accessory 
pyrite,  sphene,  and  apatite.  The  (subordinate)  plagioclase  has  an 
ophitic  habit,  enclosing  more  than  one  individual  of  diopside,  which 
is  also  intergrown  with  it  in  radiating  root-like  fashion.  In  the 
central  part  of  the  dyke  mica  becomes  abundant,  and  is  arranged  in 
planes  perpendicular  to  the  edges  of  the  dyke,  as  indicated  in 
Fig.  IIa,  pi.  XX,  p.  366.  One  other  slide  (1066)  from  the  place 
marked  XX  shows  an  aggregate  of  diopside  and  amphibole  with 
a  little  accessory  pyrite. 

Some  smaller  dykes  at  Uduwela  are  very  micaceous;  a  section 
(1149)  of  one  about  an  inch  wide  shows  granulite  (quartz-orthoclase- 
plagioclase  rock  with  a  little  diopside)  passing  successively  into 
diopside  rock  with  a  little  plagioclase,  diopside  rock,  and  diopside- 
mica  rock.  The  mica  is  in  hand-specimens  the  most  conspicuous 
mineral,  and  is  arranged  in  planes  perpendicular  to  the  edges  of  the 
dykes. 

3.  Fig.  Ill  shows  a  zoned  pyroxenite  dyke  cutting  the  foliation  of 
the  Ghamockite  Series,  exposed  in  the  bed  of  a  stream  entering  the 
Badulla  Oya  from  its  right  bank,  about  8^  miles  from  Badulla  and 
near  Nanla.  The  outermost  zone  (about  3  inches  wide)  shows 
under  the  microscope  (1147)  a  compact  intergrowth  of  colourless 
diopside  (partly  also  in  granular  forms)  with  subordinate  plagioclase. 
The  diopside  intergrown  with  plagioclase  exhibits  root-like  forms, 
and  the  intergrowth  is  on  a  very  fine  scale,  so  that  the  plagioclase 
is  not  easily  recognizable.  The  central  one  or  two  inches  of  the 
dyke  are  clearly  marked  by  the  presence  of  dark  hornblende, 
which  in  the  hand-specimen  can  be  seen  moulded  on  idiomorphio 
grey-green  diopside  in  ophitic  wire.  In  the  thin  section  (1148)  the 
hornblende  appears  pale  bluish  green,  with  pleochroism  a  pale 
straw,  b  bluish-green  with  a  brown  tinge,  and  c  bluish-green. 
This  is  the  usual  amphibole  characteristics  of  the  rocks  now 
described. 
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4.  There  are  good  expoBores  of  pyrozenites  at  Kadawat  Oya 
)ridge,  between  ^lihal  Oya  and  Halpe  (near  the  99^  mile-poet), 
Sabaragamuwa.  A  number  of  pyrozeuic  sills  and  dykes  oeoar,  and 
irery  heavy  hornblendio  and  pyritic  types  are  oharaoteristic.  The 
lykes  vary  from  mere  threads  up  to  1^  yards  in  width.  Some  show 
Tery  olearly  penetration  of  the  pyroxenic  material  along  joints 
(Fig.  IV).  Several  dykes  have  quite  narrow  central  zones,  oon* 
slating  mainly  of  pyrite;  in  one  case  large  individuals  of  pyrite 
occurred  at  intervals  along  this  line.  Some  of  the  larger  dykes 
have  central  portions  composed  largely  of  carbonates  with  abundant 
accessory  minerals  (amphibole,  phlogopite,  spinel). 

A  section  (1122)  from  the  point  marked  X  in  Fig.  lY  shows 
a  rock  consisting  almost  entirely  of  pale  sea-green  diopside  with 
a  very  little  pyrite,  apatite,  and  phlogopite ;  the  diopside  has  a  very 
carious  structure,  the  cavities  being  occupied  by  semi-ophitic  plagio- 
clase.  The  whole  dyke  is  about  6"  wide.  A  section  (1123)  of 
another  dyke,  6''-8''  wide,  proves  it  to  consist  mainly  of  very 
pale  sea-green  diopside,  with  some  strongly  pleochroic  phlogopite, 
yellowish-green  amphibole,  green  spinel,  pyrite,  apatite,  and  calcite. 
The  diopside  tends  to  granular  forms,  moulded  by  the  mica  and 
spinel,  the  latter  being  apparently  almost  the  last  formed  mineral, 
occupying  interstices  amongst  the  grains  of  pyroxene.  As  the 
junction  with  granulite  is  approached  the  mica  dies  out,  and  some 
felspar  and  pink  garnet  come  in.  One  other  dyke,  very  dark  in 
colour,  consisted  mainly  of  hornblende  (especially  in  the  central 
zone),  pale  bluish  green  in  thin  section  (1150),  and  diopside  with 
a  trace  of  plagioclase  occupying  interstices ;  the  hornblende  has 
a  strong  tendency  to  crystalline  form,  even  when  in  contact  with 
diopside  (a  reverse  relation  is  found  in  the  central  zone  of  the  dyke 
shown  in  Fig.  Ill,  PI.  XX,  p.  366,  see  description  above). 

6.  *  Thread  dykes  *  and  others  slightly  wider.  These  very  narrow 
dykes  appear  as  dark  lines  crossing  foliation  on  the  surface  of  rock 
exposures  (Fig.  Y).  Under  the  microscope  there  appears  nothing 
more  than  a  rapid  concentration  of  hornblende  along  a  zone  perhaps 
i  inch  wide  (1103).  These  very  narrow  dykes  are  often  in  more 
or  less  parallel  groups  of  two  or  three  (Fig.  V) ;  sometimes  they 
intersect  at  acute  angles.  Occasionally  they  widen  out  into  dykes 
an  inch  or  more  wide,  clearly  visible  in  the  field,  but  with  such 
indefinite  margins  as  to  be  hardly  recognizable  in  hand -specimens. 

A  few  additional  examples  may  be  briefly  referred  to. 

6.  A  sill  of  grey-green  pyroxenic  rock  6-8  feet  thick  is  exposed 
in  the  river  bed  below  the  road,  about  lOi  miles  from  Badulla  on 
the  Bandarawela  road.  The  rock  (1109)  is  a  coarse  aggregate  of 
diopside  and  scapolite  with  scattered  idiomorphic  spheues ;  other 
varieties  consist  practically  entirely  of  diopside,  individuals  of 
which  reach  J  inch  in  width.  The  rock  is  very  tough.  Somewhat 
similar  rocks  are  found,  not  quite  in  situy  on  the  slope  below  the 
69th  mile-post  on  the  Badulla  Nuwara  Eliya  road,  and  some  of  these 
are  very  handsome  coarse  aggregates  of  diopside,  amphibole,  and 
scapolite,  with  calcite  and  idiomorphic  sphene  (often  o^^x  ^  \tl^ 
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long).  The  magnesian  silicates  and  scapolite  are  idiomorp^^ 
towards  the  calcite  and  present  a  handsome  appearance  in  weatheii9(/ 
specimens. 

In  the  Uma  Oya  below  there  are  numerous  exposures,  both  of 
'  thread  dykes '  and  of  intrusive  pyroxenio  and  micaceous  rocks,  as 
well  as  of  coarse  felspathic  p^^atites,  with  which  their  relaUons 
are  somewhat  confused. 

7.  Of  pure  mica  rocks  or  veins  there  may  be  instanced  those 
described  in  the  (first)  ''  Administration  Beport  of  the  Minendogical 
Survey,"  Colombo,  1904.  Analyses  of  mica  will  be  found  in 
Professor  W.  B.  Dunstan's  ''Reports  on  the  Results  of  the  Mineral 
Survey  [of  Ceylon]  in  1903-4,"  London,  1905. 

One  example  of  a  mica  rock  or  vein  may  be  quoted  from  the 
(second)  **  Administration  Report  of  the  Minendogical  Survey," 
Colombo,  1905,  p.  20.  A  large  vein  of  brown  phlogopite  is  exposed 
in  the  Mineran  Oya,  just  within  the  boundary  of  Sherwood  estate 
(about  nine  miles  north  of  Balangoda),  in  the  south-west  comer. 
The  vein  is  about  5  feet  wide,  and  strikes  20^  N.  of  £.  and  hades 
70^  S.S.E.,  and  crosses  the  foliation  of  the  granulites,  which  are 
inclined  at  low  angles.  The  Oya  hat  for  some  distance  cut  its  way 
along  the  mica  vein,  which  is  exposed  in  the  bed  of  the  stream. 
The  largest  crystals  are  18  inches  in  diameter,  but  somewhat  flawed. 

8.  A  fairly  typical  zoned  mica  pyroxene  dyke,  from  2  inches  to 
1  foot  wide,  is  found  cutting  the  zircon  granite  (Balangoda  gpnoup) 
of  Massena  estate,  Balangoda.  As  the  zircon  granites  are  them- 
selves intrusive  in  the  granulites,'  the  pyroxenio  intrusions  would 
thus  appear  to  be  removed  from  the  date  of  intrusion  of  the 
material  composing  the  Chamockite  Series,  by  the  period  required 
for  the  intrusion  of  the  Balangoda  group. 

Canadian  analogies.  The  rocks  described  closely  resemble  the 
pyroxenio  rocks  associated  with  the  apatite  deposits  of  Canada, 
described  by  A.  Osann  ("Notes  on  certain  Arcbean  Rocks  of  the 
Ottawa  Valley,"  Geol.  Surv.  Canada,  part  0,  Ann.  Rep.,  vol.  xii, 
1902),  and  by  C  IT.  Gordon  (**  Pyroxenites  of  the  Grenville  Series 
in  Ottawa  County,  Canada,*'  Journal  of  Geology,  vol.  xii.  No.  4, 
1903,  pp.  31G-32o),  who  states  that  the  evidence  there  too  "clearly 
warrants  the  couclusiou  that  the  pyroxenio  rock  is  intrusive.** 
Detailed  descriptions  and  further  references  will  be  found  in  the 
papers  mentioned. 

Summary.  A  group  of  pyroxenites,  in  which  the  minerals 
diopside,  phlogopite,  hornblende,  and  scapolite  predominate,  while 
spheuo,  plagioclase,  pyrite,  apatite,  and  spinel  are  often  accessory, 
occurs  in  small  sills  and  dykes  intrusive  in  the  Chamockite  Series 
or  granulites,  and  in  one  case  apparently  also  in  a  zircon  granite 
of  the  Balangoda  group.  The  pyroxenio  intrusions  have  usually 
a  zoned  or  laterally  symmetrical  structure  analogous  to  that  of 
mineral  veins.     Tlie  intrusive  material  never  shows  a  chilled  edge, 

*  A.  K.  Coomkraswkmy,  "The  Balangoda  Group**:  Geol.  Mao.,  1904, 
pp.  418-422. 
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but  there  is  a  rapid  transition  from  the  pyroxenite  to  the  granulite. 
The  coarse  of  the  small  sills  and  dykes  of  intrusive  pyroxenio 
material  is  usually  determined  hy  the  foliation  planes  and  joints  of 
the  granalites  or  Chamookite  Series. 

EXPLANATION  OF  PAGE-ILLUSTRATION,   PLATE  XX   (p.  366). 

IXTKUSITE  PtBOXENITBS  IN   THE  CbTLON   GkANULITES. 

Fxo.  1. — IntrasiTO  pyroxenite  at  Ella  (IlTa)  ;    area  shown  about  6x4  yards. 

P,  pyroxenite ;  G,  granulite  ;  F,  fault. 
2. — Pyroxenite  siUs  and  dykes,  Uduwela  (Central  Pro?.) ;   length  shown  about 

8  yards.    P,  pyroxenite  ;  G,  granulite. 
3. — Pyroxenite  ayke  with  well-marked  syranratrical  structure,  exposed  in  feeder 

of  Bululla  Oya,  near  Naula  ;  average  thickness,  6  inches,    r,  pyroxenite ; 

G,  granulite. 
4. — IntrusiTe  pyroxenite  following  foliation  planes  and  joints  in  granulites 

(also  in  Fi^.  1  and  2),  Kadawat  Oya  bridge  (Sab.) ;  thickness,  6  inches. 

P,  pyroxenite ;  G,  granulite  ;  J  J,  joints. 
5. — 'Thread  dykes,'  exposed  in  feeder  of  Badulla  Oya,  near  Naula;   ayerage 

thickness,  ^  inch. 

Kanot,  June  19,  1905. 
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yi. — Gk>LD  AT  Entbna  and  Pbinok  Albert,  Cape  Colony. 

By  Ernest  H.  L.  Schwarz,  A.R.C.S.,  F.G.S., 
Rhodes  Universit)'  College,  Grahamstown,  Cape  Colony. 

IN  1895  the  author  visited  the  Prince  Albert  Goldfields,  and  later 
the  Millwood  Goldfields  in  Enysna,  and  has  had  the  subject 
constantly  before  him  till  quite  recently,  when,  in  reviewing  the 
-whole  question  in  connection  with  the  geology  of  the  region,  which 
he  has  now  worked  out  under  the  auspices  of  the  G^logical  Com- 
mission of  the  Colony  of  the  Cape  of  Good  Hope,  he  was  able  to 
oome  to  some  definite  conclusions.  The  gradual  building  up  of 
oonvictions  on  a  subject  like  this,  as  facts  became  clearer  with 
increased  knowledge  derived  from  the  reports  of  prospectors,  the 
progress  of  the  Survey,  and  the  access  to  literature  bearing  on 
kindred  questions,  led  to  the  acceptance  of  certain  general  principles, 
which  the  author  has  thought  worth  while  to  state  in  definite  form 
for  criticism.  The  peculiar  points  in  the  occurrence  of  the  precious 
metal  in  these  localities  cause  them  to  rank  high  as  fields  for 
research,  if  not  for  general  enrichment  of  the  inhabitants  of  the 
Gape  Colony. 

The  Millwood  fields  lie  in  the  Outeniqua  Mountains,  shut  off  on 
the  north  by  high  grass-covered  ridges  with  many  picturesque 
peaks,  rising  to  heights  of  about  4,000  feet,  on  the  south  by  lower 
hills  covered  with  dense  forest.  The  Outeniqua  Mountains  form 
the  first  of  a  series  of  parallel  chains  that  screen  the  Karroo  from 
the  ooast,  and  on  the  seaward  side  there  is  but  a  narrow  coastal 
ledge  separating  the  foot-hills  from  the  shore  of  the  Southern  or 
Indian  Ocean.  The  rainfall  is  abundant,  but  subjected  to  periods 
of  drought  lasting  from  three  to  four  months ;  on  the  whole,  how- 
ever, one  can  say  that  there  is  a  heavy  shower  once  a  week.  The 
ground  about  the  goldfields  is  all  on  a  steep  slope,  and  &totixv-^^t<^x 
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rashes  off  with  great  vehemeDoe,  but  the  oovering  of  grass  wlueh 
the  hills  possess  retains  a  oertain  amotiDt,  which  is  in  part  letumsd 
to  the  surface  by  springs. 

The  Prince  Albert  Gk)ldfields,  on  the  other  hand,  lie  out  in  the 
very  heart  of  the  dry  country,  where  droughts  last  eighteen  monthB 
and  more  ;  where  the  rain  comes  with  thunder-doads,  perhaps 
a  dozen  times  in  good  years  during  a  twelvemonth,  and  then  lasts 
bat  an  hour  or  so.  The  country  is  kopje  veldt,  that  is,  out  into 
innumerable  little  hillocks  of  bare  rock  on  which  the  scanty  Karroo 
bushes  thrive.  The  roots  of  these  woody  plants  penetrate  into  the 
cracks  in  the  shales  and  sandstones,  and  carry  down  soil  with  them 
in  the  crevices,  but  there  is  no  covering  of  soil  on  the  surface.  The 
streams  are  very  steep-graded,  and  even  along  the  large  rivers  thero 
are  very  scanty  patches  of  alluvial  soil.  Denudation  is  mostly 
affected  by  changes  of  temperature,  which  reduces  the  rooks  to  small 
fragments ;  these  are  then  further  reduced  by  wind,  which  rolls  them 
about,-  and  finally  carries  them  away  in  small  particles.  The  rains 
are  so  tremendous,  when  they  do  fall,  that  the  ground  is  covered  with 
a  continuous  sheet  of  water,  bill  and  valley  alike,  but  only  for  a  few 
minutes ;  before  the  sun  can  come  oat  again  this  mass  of  water 
is  tearing  down  the  runnels  into  the  main  channels,  and  roaring  its 
way  to  the  sea. 

The  MiUwood  Area, 

The  coast  range  of  mountains  west  of  this  place  can  be  stated 
generally  to  consist  of  an  S-shaped  fold  of  Table  Mountain  Sand- 
stone, the  anticline  occupying  the  north  side  and  the  syncline  the 
south.  Tlie  northern  limb  of  the  anticline  dips  under  Bokkeveld 
Slate,  containing  fossils  of  an  American  type,  belonging  to  the 
Lower  Devonian  ;  the  syncline  rests  on  pre-Cape  rocks,  Malmes- 
Imry  Beds  injected  with  granite,  probably  of  very  ancient  age. 
This  fold  is  reduplicated  in  several  places,  and  subsidiary  folds 
become  added  to  the  main  s^'ncline  and  anticline.  At  Mussel  Bay 
and  George  there  is  an  immense  boss  of  granite,  against  which  the 
folds  are  huddled  on  the  north  side,  so  that  syncline  and  anticline  are 
pressed  together,  and  all  the  strata  dip  south.  The  granite  is 
somewhat  different  from  the  main  mass  which  exists  in  the  south- 
west of  the  Colony,  as  it  is  a  white  mica  granite ;  towards  the  eastern 
end  of  the  boss  the  rock  has  been  sheared,  and  later  injections  of 
tourmaline  granite  have  filled  in  the  spaces  produced  by  the 
movement.  At  the  end  of  the  granite  there  is  a  tract  of  slates,  and 
then  another  great  mass  of  granite.  The  two  bosses  are  connected 
by  a  dyke  which  traverses  the  slates,  which  at  one  point  suddenly 
changes  its  strike  from  N.E.  to  E.N.E.  The  substance  of  the  eastern 
granite  appears  not  to  have  been  sheared  like  the  end  of  the  other 
boss,  and  I  am  inclined  to  believe  that  this  is  not  a  true  boss,  anchored 
to  the  basement  granite  of  the  south-western  districts,  but  is  an 
immense  lateral  offshoot  injected  horizontally  into  the  slates.  The 
crush  which  buckled  up  the  mountains,  coming  from  the  north,  was 
brought  up  against  the  main  granite  mass,  but  where  this  ended  the 
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thrust  sheared  the  termiDation  and  defleoted  the  great  arm  of  granite 
seawards. 

Where  the  granite  ends  the  whole  natare  of  the  rooks  of  the 
moan  tains  changes;  no  longer  have  we  miles  of  strata  on  end,  as 
near  Ghorge,  hut  the  folds  widen  out,  and  dips  of  10^  to  15°  prevail. 
West  of  this  point  the  dips  are  south  all  through  the  mountain 
ranges ;  east  of  this  point  there  are  both  north  and  south  dips ;  in 
other  words,  the  folds  are  upright  and  open,  instead  of  being  pressed 
together,  and  inclined  to  the  south. 

The  direction  of  the  granite  dykes  is  near  here  N.E.,  and  then 
suddenly  swings  round  to  E.N.E.,  so  in  the  strike  of  the  Table 
Mountain  Sandstone  there  is  a  sudden  change  from  east  and  west  to 
E.S.E.     Any  small  scale  map  of  South  Africa  will  show  distinctly 
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Fio.  1. — Map  of  the  Coastal  Plateau  in  George  and  Knysna,  showing  the  bending 

of  the  strike  round  the  end  of  the  granite. 

the  streamiug  of  the  mountains  round  a  point  near  G-eorge,  and  the 
recent  survey  of  that  part  by  the  author  showed  that  the  cause  of 
this  change  in  the  direction  of  the  mountain  chains  was  the  termi- 
nation of  the  granite.  It  is  not  till  we  get  beyond  the  colony 
borders  into  Natal  that  we  find  granite  again  along  the  southern  part. 
It  is  in  the  angle  of  the  bend  in  the  Table  Mountain  Sandstone 
that  the  fissures  occur  which  are  now  filled  in  with  auriferous 
quartz.  In  between  Millwood  and  the  granite  there  is  a  syncline 
filled  in  with  Bokkeveld  Slates,  and  the  quartz-reefs  traverse  the  slate 
formation  equally  with  the  sandstone  formation;  bat  there  are 
certain  differences.  In  the  slate  the  quartz-reefs  are  massive  bodies 
of  white  veinstone,  with  a  certain  amount  of  pyrites  and  copper 
pyrites  included  in  it ;  none  of  the  reefs  have  yet  been  opened  up 
properly,  but  they  appear  to  be  continuous  over  large  areas  and  are 
constant  with  depth.  They  do  not  branch  or  break  away  from  their 
general  lie,  which  is  parallel  to  the  strike  of  the  rocks,  but  with 
a  dip  somewhat  greater.     In  the  sandstone  the  vevn%  ^tq  YCi\\.Oci  \^<^<^ 
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ooDstant,  tending  to  pinch  out  and  run  into  Btringers,  while  the 
veinstone  is  often  cased  in  a  layer  of  silvery  grey-green  phyllitOi 
which  I  take  to  he  material  that  has  been  carried  mechanically  into 
the  fissure  before  the  quartz  began  to  form  from  solution.  The  lie 
of  the  veins  here  also  is  along  the  strike  of  the  rocks,  and  the  dip 
generally  is  greater  than  the  dip  of  the  beds,  but  there  is  a  good  deal 
of  variation  in  regard  to  the  latter  point 

The  difference  between  the  two  modes  of  occurrence  can  be  traced 
to  the  varying  tensile  strengths  of  the  sandstones  which  go  to  form 
the  Table  Mountain  Series ;  all  grades  of  grain  from  gravel  to  the 
finest  meal-sand  occur  in  the  beds,  and  in  addition  the  coherence  of 
the  particles,  due  to  cementing  substances  such  as  iron  sulphides 
and  silica,  must  be  very  different  in  the  successive  layers.  In  the 
Bokkeveld  Beds,  however,  there  is  far  more  homogeneity  in  the 
texture  of  the  beds,  although  when  subjected  to  surface  weathering 
there  appears  to  be  a  good  deal  of  variety ;  in  the  bulk,  however,  we 
can  take  the  Bokkeveld  Series  to  be  made  up  of  a  oontinnous  deposit 
of  clay-slates,  with  occasionally  a  sandy  or  calcareous  bed.  North 
of  the  mountains  great  banks  of  quartzite  appear,  but  to  the  south 
these  have  not  been  noticed,  and  it  has  been  supposed  that  the  beds 
along  the  coast  represent  sediments  which  have  been  laid  down  in 
deeper  water  than  those  to  the  north  of  the  mountains. 

The  ore-deposits  in  the  quartz-veins  in  the  Table  Mountain 
Sandstone  area  consist  of  gold,  pyrites,  galena,  blende,  and  some- 
times carbonate  of  iron.  In  the  Bokkeveld  area  there  are  copper 
and  iron  pyrites.  All  these  ores  I  take  to  have  been  deposited  in 
the  quartz-veins  by  lateral  secretion,  and  not  by  the  ascension  of 
mineral  solutions  from  great  depths.  By  lateral  secretion  I  do  not 
mean  to  imply  that  the  immediate  walls  of  the  veins  have  supplied 
the  material,  as  argued  by  Sandberger,  but  that  the  rooks  within 
a  reasonable  distance  of  the  veins  have  done  so,  according  to  the 
broader  views  enunciated  by  Le  Conte.  At  the  same  time  I  believe 
that  there  is  an  ascension  of  metallic  substances  in  solution  from  the 
depths,  only  that  here  this  explanation  of  the  mineralization  of  the 
veins  is  out  of  the  question,  because  the  pre-Cape  rocks  underlying 
the  Table  Mountain  Sandstone  and  in  the  immediate  neighbourhood 
show  no  signs  of  quartz- veins  bearing  deposits  of  ore. 

The  vertical  extent  of  the  reefs  is  a  question  of  great  moment  to 
the  mining  engineer,  as  upon  the  continuance  of  the  reef  depends 
the  successful  employment  of  capital.  If  the  fissures  are  caused  by 
an  immense  arm  of  granite,  and  not  by  a  boss,  then  they  will  not  go 
down  into  the  earth  to  indefinite  depths.  We  have  reefs  cropping 
out  at  2,600  feet  above  sea-level  in  the  Table  Mountain  Sandstone, 
and  in  the  Bokkeveld  Beds  they  are  found  at  only  a  oouple  of 
hundred  feet  above  sea-level.  I  consider  it  a  low  estimate  if  we 
take  it  that  at  least  half  of  the  distance  of  the  mountains  from  sea- 
level  upwards  has  been  denuded  away,  and  that  the  reefs  originally 
extended  to  5,000  feet  above  the  present  ocean  surface.  The  reefs 
go  at  least  1,000  feet  below  the  sea-level,  for  on  the  sides  of  the 
Little  Homtini  River  we  have  a  section  showing  a  reef  oommencing 
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at  700  feet,  and  traversing  the  side  of  the  ravine  down  to  200  feet, 
with  every  appearance  of  its  continuing  indefinitely. 

I  have  shown  reason  to  helieve  that  the  reefs  represent  fissures 
due  to  a  tearing  in  the  rocks  as  they  hent  round  the  end  of  the 
granite ;  they  must,  therefore,  follow  roughly  a  succession  of  shells 
of  tension  round  the  end  of  the  granite  arm,  the  actual  course  of  the 
fissures  heing  directed  hy  the  lie  of  the  rocks,  which  would  be 
stronger  in  one  direction  than  in  another,  but  the  vertical  extent, 
I  think,  would  be  independent  of  the  formations,  and  the  fissures 
traverse  any  kind  of  rock  strata  that  may  exist  in  the  area  of  the 
shells  of  tension. 

The  Table  Mountain  Sandstone  represents  a  shore  deposit,  and 
the  Bokkeveld  Slates  a  deeper-water  formation.  Taking  into  con- 
sideration the  extent  and  distribution  of  these  sediments,  it  is  fairly 
well  proved  that  they  must  be  derived  from  a  continent  which 
formerly  existed  to  the  north  of  where  they  now  lie.  This  continent 
we  can  see  emerging  from  a  later  covering  of  Karroo  rocks  in 
Namaqualand,  Prieska,  and  the  Transvaal,  and  it  contains  deposits 
of  minerals  of  exactly  the  kind  which  we  find  in  Enysna,  the 
O'Eiefs  Gopper  deposits  and  the  Band  gold-banket,  to  take  two 
instances.  The  detritus  from  this  land  would  naturally  carry  with 
it  a  certain  amount  of  the  mineral  ores,  and  they  would  be  deposited 
along  with  the  bulk  of  the  sediments.  There  would  be  a  rough 
sorting  according  to  gravity,  the  heavier  metals,  such  as  gold,  lead, 
and  zinc,  would  tend  to  come  to  rest  nearer  the  shore  than  the 
lighter  ones,  such  as  iron  and  copper,  and  I  look  to  this  action  to 
explain  the  presence  of  the  former  group  in  the  Table  Mountain 
Sandstone  and  the  latter  in  the  Bokkeveld  Slates. 

In  regard  to  the  gold  and  associated  metals,  it  is  a  well-known 
fact  that  sand  does  not  tend  to  precipitate  them,  whether  carried 
mechanically  or  in  chemical  solution,  until  the  deposit  becomes 
gravelly ;  and  in  the  present  case,  although  it  is  likely  that  traces  of 
gold  might  be  found  in  the  sandstones  on  careful  analysis,  the  major 
portion  seems  to  have  come  to  rest  in  a  consolidated  gravel  or 
banket  which  occurs  near  the  top  of  the  series  in  this  neighbour- 
hood. Assays  give  2dwt.  per  ton  of  gold,  and  from  its  extreme 
hardness  there  is  no  possibility  of  mining  this  rock  unless  richer 
spots  can  be  found.  The  banket  dips  under  the  Bokkeveld  Slates, 
and  comes  up  on  the  south  sides  of  the  inlier,  so  that  it  can  be  safely 
said  to  recur  as  a  continuous  sheet,  dipping  some  two  or  three 
thousand  feet  below  sea-level.  In  the  Bokkeveld  Slates  pyritous 
layers  occur,  but  as  a  general  rule  I  think  the  ores  of  iron  and 
copper  were  distributed  fairly  evenly  throughout  the  mud  that  is 
now  represented  by  the  clay-slates :  it  partly  impregnated  them  in 
the  form  of  minute  crystals  and  films,  and  in  part  has  crystallized 
out  in  the  form  of  cubes. 

Having  now  traced  the  minerals  from  their  original  resting-place 
in  the  older  rocks  of  the  northern  continent  to  the  stratified  deposits 
in  Enysna,  we  have  to  follow  the  process  by  which  they  became 
leached  out  and  redeposited  in  the  quartz-vem«.    TVi^  Q\t^\!i\!^^\^ 
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of  water  through  the  rabttance  of  roolu  is  raflBeienily  ittoognked, 
and  I  think  I  need  not  labour  the  point  that,  if  there  are  strata  m 
oompression  and  a  series  of  opening  orabks  within  reasoDaUe  distaaoe, 
the  water  will  pass  from  the  one  to  the  other. 

With  regard  to  the  power  of  water  to  dissolve  metallic  sabataneeir 
Doelter  ^  fonnd  that  pyrites,  galena,  antimonite,  sphemlite,  ansniMl 
pyrites,  oopper  pyrites,  and  boomonite  were  to  a  certain  eztsnt 
solnble  in  pare  water  when  heated  for  fonr  weeks  in  glasa  tubes  to 
a  temperature  of  80^  0.,'  and  that  pyrites,  galena^  zinoblcode,  aisenioel 
and  oopper  pyrites,  and  boumomte  were  soluble  in  water  containing 
sodium  sulphide  under  the  same  conditions.*    There  is,  thersforor 
no  reason  to  suppose  that  enormous  pressure  or  heat  were  necessaiy 
to  make  these  minerals  go  into  solution,  and  that  they  must  have 
consequently  oome  up  from  great  depths;    with    the    ezceptioii 
of  blende  the  minenJs  are  soluble  in  pure  water,  given  modersfee 
pressures  and  temperatures,  suoh  as  would  exist  a  few  tfaouaand  ftst 
below  the  surface,  for  it  must  be  remembered  that  in  dealing  with 
these  matters,  where  temperature  and  pressure  are  high  in  the 
laboratory  experiments,  the  same  results  can  be  attained  in  nature 
by  very  mucli  less  temperatures  and  pressures,  owing  to  the  vest 
lengths  of  time  in  which  the  process  has  to  act    In  the  case  of  sino- 
blende  an  alkaline  sulphide  was  found  necessary  to  cause  it  to  go 
into  solution,  and  whether  the  particular  sulphide,  or,  indeed,  salt  of 
whatever  kind,  was  really  present  in  nature,  or  some  other,  the  main 
point  proved  in  Doelter's  experiment  was  that  the  ainoblende  could 
be  made  to  go  into  solution. 

With  gold  we  have  a  much  more  refractory  element,  but  a  trace  of 
free  chlorine  in  the  water  would  be  sufficient  to  dissolve  the  gold 
from  the  banket.  The  surface-water  of  Millwood  is  tinged  brown 
with  organic  acids  derived  from  the  roots  of  the  grasses  and  sedge- 
like plants  that  cover  the  slopes  of  the  hills;  hydrochloric  acid  is 
present  in  minute  quantities,  and  may  be  accompanied  with  free 
chlorine,  so  that  the  possibility  of  this  solvent  being  present  in  the 
underground  water  is  not  entirely  ruled  out  Other  solvents  are 
sodium  and  potassium  chloride,^  sodium  silicate,*  sodium  sulphide, 
sodium  sulpbydrate,  and  sodium  carbonate  saturated  with  sulphydric 
acid.^  Le  Conte  and  Wurtz  have  shown  that  ferric  sulphate  is  also 
a  solvent,  and  Atkin  *  has  pointed  out  that  this  is  by  far  the  most 
likely  of  natural  salts  that  cause  the  solution  of  gold. 

Posepuy  has  argued  that  water  circulating  within  a  few  hundred 
feet  of  the  surface,  and  derived  by  absorption  from  the  atmospheric 
water,  would  be  an  agent  which  oxidized  the  salts  which  it  carried 
in  solution,  and  therefore,  if  we  accept  his  theory,  the  sulphides 
which  colour  the  sandstones  blue,  would  first  yield  a  sulphate,  and 

»  Tfichermak*8  Mitth.,  1889,  vol.  il,  p.  319. 

2  I.e.,  p.  323. 

^  Eirleston:  Trans.  Amer.  Inst.  Min.  Eng.,  1880,  vol.  viii,  p.  465. 

«  Liversidge:  Proc.  Roy.  Soc.  N.S.  "Wales,  1893,  vol.  xxvii,  p.  303. 

»  Becker :  Mon.  U.S.  (reel.  Surv.,  1888,  vol.  xiii,  p.  433. 

6  Atkin:  Q.J.G.S.,  1904,  vol.  Ix,  p.  390. 
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the  neoesaary  solvent  for  the  gold  woald  be  prodaoed.  But  against 
this  we  have  two  andoabted  facts  in  the  area  we  are  describing :  the 
sandstones  remain  blue  and  have  not  the  salphides  removed,  even 
thoDgh  we  have  very  palpable  evidence  that  Posepuy's  vadoee  water 
is  circulating  through  them ;  and,  secondly,  the  Malmesbury  or 
pre-Cape  rooks  in  the  neighbourhood,  through  which  the  deep-seated 
water  would  have  had  to  pass  to  get  to  the  mineral  veins  in  the 
Table  Moantain  Sandstone,  show  no  signs  of  having  clefts  or  fissures 
which  are  filled  in  with  ore  and  veinstone.  The  mineralizing  water 
seems,  therefore,  to  be  undoubtedly  that  derived  from  the  surface, 
and  at  the  same  time  is  not  an  oxidizing  medium;  if  we  are 
searching  for  a  solvent,  I  think  we  should  look  to  the  ferric  sulphide 
and  not  the  sulphate  as  probably  the  active  principle.  The  forma- 
tion of  ironstone  gravel  beneath  the  soil  in  so  many  places  in  the 
neighbourhood  shows  that  the  surface  water  does  contain  a  very 
i^ppreoiable  quantity  of  iron  in  solution. 

Doelter  has  shown  that  the  sulphide  is  soluble  to  a  certain  extent 
in  pure  water,  and  sodium  sulphide  is  a  solvent  for  gold ;  there  are 
no  sources  which  I  can  see  whence  a  sodium  salt  could  be  derived, 
but  it  seems  reasonable  to  suppose  that  the  ferric  salt  might  take  its 
place.  Until  experiments  have  been  carried  out  in  this  direction,  it 
is  naturally  impossible  to  make  the  assertion  that  any  one  salt,  if 
present  in  the  water,  would  have  dissolved  the  gold,  but  an  enquiry 
like  this  may  be  useful  to  show  chemists  iu  what  direction  geologists 
want  their  help.  I  think,  however,  I  have  shown  sufficiently  clearly 
that  gold  will  go  into  solution  in  water  containing  salts  which 
naturally  occur  in  the  rocks,  and  that  it  is  not  necessary  for  the  salt 
to  be  a  compound  of  oxygen. 

Whatever  may  have  been  the  solvent,  temperature  and  pressure 
would  increase  its  action.  Certain  salts  like  sodium  sulphate  are 
more  readily  soluble  with  increasing  temperatures  and  pressure  up 
to  a  certain  point,  when  there  is  a  sudden  decrease,  while  if  there  is 
a  contraction  in  volume  when  the  salt  goes  into  solution,  pressure 
and  heat  decrease  the  solubility.^  These  cases,  however,  are  rare 
exceptions  to  the  general  rule  that  the  rate  of  increase  of  solubility 
is  a  function  of  temperature  and  pressure,  and  it  is  a  fairly  safe 
statement  that  in  the  case  of  gold  the  rate  of  solubility  is  far  greater 
10,000  feet  below  the  surface  than  it  is  at  1,000  feet.  On  this  fact 
depends  the  question  whether  the  reefs  become  richer  with  depth, 
and  unless  the  gold  behaves  exceptionally  with  its  solvent  we  may 
say  that  they  do.  The  banket  naturally,  being  a  stratified  deposit, 
would  be  unaltered  with  depth,  but  serving  as  a  source  of  gold  for 
the  quartz-veins,  and  being  near  the  cracks  down  to  great  depths,  it 
is  almost  certain  that  there  is  increased  solubility  and  consequent 
deposition  of  gold. 

I  therefore  define  the  Millwood  gold-reefs  as  true  fissure  veins, 
limited,  however,  in  depth  by  the  extent  of  the  disturbance  caused 
by  the   arm  of  granite,  and  filled  in  with  veinstone  and  ore  by 

^  Ostwald :  Algemeine  Chemie,  pp.  1046,  1048. 
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lateral  Becretion ;  the  process  of  leaching  oat  the  gold  in  the  hanket 
aud  depositing  it  in  the  reefs  I  term  the  second  stage.  The  third 
stage  is  the  displacement,  mechanically  or  chemicallj,  of  the  gold  in 
the  reefs  and  the  building  up  or  the  deposition  of  gold  nnggeb  is 
the  allnvial  gravels. 

In  this  stage  must  also  be  incladed  the  sarface  eniichment  of  the 
reefs,  caused  by  the  concentration  of  the  precioos  ores  from  portiou 
of  the  reefs  that  have  been  removed  by  denudation.  The  qoaiti, 
being  more  homogeneous  than  the  sandstones  which  it  traverMS, 
stands  out  somewhat  from  the  surface  when  exposed  to  the 
influences  of  denudation,  but  it  soon  cmnibles  up,  and  the  pazticleB 
get  washed  down  with  the  rest  of  the  detritus ;  Uie  gold,  however, 
tends  to  stay  where  it  is,  owing  to  its  g^reat  density.  When  the 
water  which  has  slowly  percolated  through  the  rocks,  and  has  taken 
up  certain  quantities  of  ferric  sulphate,  gets  to  the  qoailE-vein,  it 
slowly  dissolves  the  gold  in  it,  and  then  becomes  lodged  in  the  van, 
splintered  by  surface- weathering  agencies.  So,  either  by  meohaniosl 
means  or  by  chemical  means,  the  surface  of  a  quarts-reef  tmds  to 
become  fiEir  richer  than  it  is  in  the  bulk.  Pieces  of  enriched  surfooe- 
reef  have  been  found  so  studded  with  gold  that  the  poor  protpeotore 
thought  that  at  last  they  had  got  the  parent  reef  of  all  the  alluvial, 
but  no  body  of  reef  has  been  found  carrying  gold  in  appreciable 
nuggets. 

'Tbe  process  that  I  have  outlined  to  explain  the  surfaoe  enrioh- 
ment  of  reefs  is  the  same  for  the  formation  of  gold  nuggets.  These 
are  found  in  the  alluvial  gravels  of  the  creeks,  but  especially  in  mud 
in  the  crevices  in  the  sandstone  and  under  great  boulders,  and 
are  found  in  considerable  quantity.  There  is  no  law  enforcing 
registration  of  gold  finds,  and  many  thousands  of  pounds'  worth  of 
nuggets  have  been  passed  into  the  bank  without  notification,  but,  for 
all  that,  from  the  proclamation  of  the  fields  in  1887  to  March,  1905, 
a  total  of  3,370  ounces  has  been  registered.  I  was  led  to  bring  in 
the  explanation  that  the  nuggets  must  have  in  great  part  been  built 
up  from  solution,  and  are  not  merely  particles  that  have  been  washed 
out  of  the  reefs  by  the  following  considerations : — 

1.  With  the  exception  of  a  very  few  instances,  no  reefs  have  been 
found  containing  gold  in  nugget  form. 

2.  The  nuggets,  running  up  to  three  and  four  ounces,  are  found 
in  places  where  it  would  be  difficult  to  explain  their  presence,  that 
is  to  say.  in  narrow  crevices  and  hollows  surrounded  with  light 
sand.  One  would  have  to  explain  how  these  large  nuggets  got 
pushed  past  obstacles  if  wc  are  to  consider  them  as  having  been 
mechanicall}'  brought  into  place. 

3.  ]Many  of  the  nuggets,  although  occuriing  in  the  stream-bed, 
show  quite  sharp  ridges  and  points,  so  that  they  cannot  have  travelled 
very  far.  yet  there  is  no  source  near  at  hand  whence  they  could  have 
been  derived. 

4.  The  creeks  and  gullies  contain  gravelly  patches  which  are 
washed  out  and  all  the  gold  recovered ;  a  few  seasons  later  the  same 

Hows  are  worked  and  the  gravels  are  found  to  be  as  rich  as  before, 
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^et  the  whole  of  the  oreek  sides  have  heen  closely  and  systematically 
iearehed  in  vain  for  reefs  containing  nugget  gold.  Unless  the 
Quggots  have  grown  in  the  place  they  are  found  in  hy  deposition 
from  solution,  where  can  they  have  come  from  ? 

5.  The  solution  theory  accounts  for  all  known  facts.  The 
solvent  salt  ferric  sulphate  as  well  as  perhaps  a  little  chlorine  is 
present  in  the  surface  water ;  the  gold  would  therefore  be  dissolved, 
and  according  as  it  was  redeposiled  slowly  by  evaporation  or 
instantaneously  by  reduction  of  the  ferric  to  the  ferrous  sulphate,  the 
nugget  would  be  built  up  with  sharp  edges  or  in  a  rounded  form. 

Gold  is  found  in  fairly  average  quantity  in  gravel  on  an  old  river 
level  called  the  Poverty  Flats,  and  also  in  the  mud  of  the  estuary  of 
both  the  large  rivers  that  drain  the  Millwood  area,  the  Oowkamma 
(Homtini)  and  the  Enysna.  In  both  these  cases  I  think  it  easier  to 
explain  the  carriage  of  the  precious  metal  by  the  solution  theory 
rather  than  on  the  gravitation  theory,  for  gold  being  so  heavy  tends 
io  remain  where  it  is  in  the  quartz-reefs,  and  when  found  in  the 
river-beds  it  sticks  in  the  hollows  and  joints  of  the  rocks. 

The  Prince  Albert  QoldfieXde. 

The  first  gold  nugget  was  picked  up  in  the  Prince  Albert 
Ooldfields  in  1871,  and  twenty  years  afterwards  the  fields  were 
proclaimed;  they  were  de  -  proclaimed  in  1898,  but  since  then 
a  good  deal  of  prospecting  has  been  carried  on.^  So  far  the 
gold  has  been  only  found  on  the  surfsM^e ;  there  are  innumerable 
quartz- veins  about  here,  from  an  inch  or  so  in  width  to  a  foot  and 
more,  formed  of  interlocking  combs  of  quartz  crystals ;  the  gold  is 
often  found  in  them  on  the  surface,  but  directly  they  are  sunk  upon 
all  traces  of  gold  disappear.  The  gravels  are  fairly  rich  in  some 
places,  especially  under  ledges  of  sandstone  which  get  loosened  on 
the  surface,  and  some  of  the  nuggets  are  so  fresh  that  they  often 
exhibit  minute  octahedra  of  gold  adhering  to  them  with  the  faces 
quite  bright  and  unscratched.  There  are  many  big  saurian  bones  in 
die  locality  which  lie  about  the  surface  as  they  weather  out  of  the 
softer  shales,  and  some  of  these  have  also  been  found  to  contain 
crystals  of  gold  in  their  hollow  parts.  Mr.  H.  M.  Oakley,  who  was 
at  one  time  Inspector  of  Mines  on  the  fields,  informs  me  that  those 
who  used  copper  pans  for  washing  for  the  gold  very  frequently 
found  them  coated  with  mercury  after  a  short  while. 

So  much  prospecting  had  been  done  on  these  fields  that  I  was 
compelled  to  reluctantly  state  that  the  gold  must  be  alluvial,  and  had 
been  brought  from  a  distance.  From  a  geological  point  of  view  this 
was  what  I  should  have  expected,  as  the  Karroo  shales  are  too 
unaltered  and  too  young  a  formation  altogether  to  carry  highly 
mineralized  veins,  and  the  veinstone,  also,  is  so  totally  different  from 
the  usual  gold-bearing  quartz  that  no  miner  would  sink  on  the 
specimens  obtained  from  the  reefs. 

*  An  interesting  description  of  these  fields,  Avlth  an  account  of  the  general  geology, 
was  published  by  Mr.  Saw^'er  as  a  Parliamentary  Report,  G.  45,  1893 ;  the  whole 
question  was  again  discussed  by  the  author,  Trans.  Phil.  Soc.  S.i.,  l9Q4,xs^^t.*2.. 
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How,  then,  did  the  gold  get  to  the  locality  ?  The  goldfields  1» 
almoBt  midway  between  the  folded  monntaiii  range,  the  Zwaite- 
bergen,  on  the  south,  and  the  dolerite-capped  esoarpment  of  the  gmt 
inner  plateau  on  the  north.  The  country  is  hilly,  and  the  tops  of 
the  hills  reach  a  pretty  level  skyline  of  about  3,500  feet ;  on  the 
immediate  south  there  is  a  wide  plain  separating  it  from  the 
mountains,  llie  gold  is  found  equally  on  the  tops  of  the  hilU  ai 
in  the  gullies,  and  there  is  no  higher  ground  from  which  it  could 
have  been  washed  anywhere  within  twenty  or  thirty  miles. 


Fig.  2.— Generalized  section  from  tho  Zwartebergen  to  the  Prince  Albert  Goldfields, 
Khowing  the  Old  High  Level  Plateau,  whicn  has  now  nearly  disappeared. 
G,  granite :  M,  Malme«hurv  Beds ;  T,  Table  Mountain  Sandstone;   B,  Bokkerdd 
Beds;  W,  Witteberg  Beds  ;  1),  Dwyka  Beds;  £,  £cca  Beds;  F,  Beaufort  Beds. 

A  careful  piecing  together  of  evidence  has  shown  me,  however, 
that  the  great  river -cut  plain  that  can  be  seen  so  plainly  in 
Uniondale  and  Willowmore  must  have  extended  all  over  this  countrj 
as  well ;  it  was  on  a  level  of  from  3,500  to  4,000  feet,  and  stretched 
northwards  from  the  Zwartebergen  to  probably  the  foot  of  the 
inland  plateau  escarpment.  Narrow  gravel-covered  ledgee  can  still 
be  seeTi  on  the  foot-hills  north  of  the  Zwartebergen,  and  a  very 
much  folded  range  in  front  of  the  main  chain,  composed  of  hard 
quartz!  tes  of  the  Witteberg  Series,  has  been  cut  to  a  level  about 
4,000  feet.  Far  to  the  north,  the  hills  about  the  goldfields  can  be 
seen  cutting  a  level  skyline,  and  I  have  been  led  to  consider  that 
there  in  satisfactory  evidence  for  the  former  existence  of  this  great 
high-level  plateau,  although  the  traces  of  it  to-day  are  so  scanty. 
Everywhere  where  the  remnants  of  the  plateau  exist,  in  the  foot- 
hills of  the  mountains,  on  the  tops  of  the  skirting  range,  and  on  the 
tops  of  the  hills  about  the  goldfields,  gold  has  been  discovered. 
The  rivers  in  those  days  flowed  over  this  plain  northwards,  oarryinji; 
the  gold  in  their  waters,  whether  chemically  or  mechanically  ;  since 
then,  however,  the  channels  have  been  diverted,  and  an  easterly- 
flowing  stream  has  excavated  an  immense  plain  at  a  level  of  some 
1,000  feet  below  that  of  the  old  one,  separating  the  hills  about  the 
goldfields  from  the  mountains. 

The  Zwartebergen  are  made  up  of  Table  Mountain  Sandstone, 
immense  quantities  of  which  have  been  removed  in  past  ages,  and 
a  very  little  gold  that  may  once  have  existed  in  the  ix>ck  became 
concentrated  in  the  gravels  laid  down  on  the  old  high-level  plateau; 
I  conclude,  therefore,  that  the  little  outlier  of  the  old  plateau  existing 
in  the  Prince  Albert  Goldfields  has  derived  its  gold  from  the 
Zwartebergen.  I  could  find  no  banket  beds  immediately  to  the 
south  of  the  goldfields,  but  not  very  far  to  the  east  I  found  a  well- 
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marked  bed,  which  I  photographed  and  reproduoed  in  the  paper 
inst  referred  to. 

I  was  therefore  justified  in  pronouncing  against  the  likelihood  of 
finding  quartz-reefs  in  this  neighbourhood,  on  the  grounds  that  the 
experience  of  prospectors  was  against  it^  and  that  from  general 
mineralogical  and  geological  considerations  it  was  impossible  to 
get  gold-bearing  reefs  there. 

How,  then,  oan  it  be  explained  that  the  quartz-reefs  do  contain 
gold  on  the  surface,  sometimes  in  such  quantities  that  the  volume  of 
the  gold  is  far  greater  than  that  of  the  quartz,  and  the  gold  nuggets 
are  eo  fresh,  some  of  them,  that  crystalline  forms  are  present  ?  It  is 
impossible  that  the  latter  can  have  been  rolled  any  distance. 

The  theory  of  solution  by  ferric  sulphate,  I  think,  explains  all  the 
facts  here  as  well  as  in  Knysna.  The  Karroo  shales  and  sandstones 
contain  a  considerable  quantity  of  iron  pyrites  in  the  form  of 
crystals  and  thin  films  ooiounng  the  rocks,  and  it  is  easy  to  see  how 
a  sulphate  could  be  derived  from  this  salt ;  where  there  is  lime  on 
the  surface  the  elaboration  of  a  sulphate  is  very  apparent,  for  the 
lime  becomes  gypsum,  leaving  the  iron  in  the  form  of  red  or  yellow 
ochre.  Given,  then,  ferric  sulphate  and  alluvial  gold,  it  is  easy  to 
follow  the  process  of  the  building  up  of  the  gold  octahedra  and 
nuggets  generally. 

When  it  rains  most  of  the  water  instantly  flows  away ;  a  little 
remains  and  soaks  in,  absorbing  the  ferric  sulphate  and  afterwards 
dissolving  a  certain  amount  of  gold.  This  then  gets  drawn  into 
Grevices  beneath  the  sandstones,  lodges  in  hollows  in  the  quartz- 
reefs  where  the  crystals  do  not  occupy  the  whole  width  of  the 
fissure,  in  the  cavernous  portions  of  bones,  and  finally  in  the  sand 
on  the  bottom  of  the  creeks.  Here  it  has  ample  leisure  to  corporate 
during  the  prolonged  droughts,  and  the  crystalline  gold  is  the  result. 
I  look  to  the  more  frequent  application  of  evaporation  to  explain 
the  occurrence  of  gold  crystals  in  the  Karroo  goldfields ;  in  Knysna, 
where  there  is  never  a  real  drought,  crystals  have  never  been  found. 
Some  of  the  gold  nuggets  are  powdered  with  red  gold,  which 
perhaps  is  the  gold  precipitated  from  solution  by  the  reduction  of 
the  ferric  salt  to  the  ferrous  one,  the  action  being  too  quick  to  allow 
of  the  coherence  of  the  particles.  In  the  sand  the  gold  has  been 
precipitated  in  the  form  of  minute  spicules. 


I^  E  "V^I  E  "W  S. 


I. — Thi  Muskuh  Humfredianum,  1779.     By  C.  Davies  Sherborn. 

ALL  interested  in  Oonohology  will  be  glad  to  know  that  a  copy  of 
this  work  has  at  last  been  discovered  in  the  Hancock  Museum, 
Newcastle-on-Tyne,  and  the  mystery  as  to  whether  or  not  it 
contained  generic  and  specific  names  is  now  finally  set  at  rest.  The 
Catalogue  of  the  Humphrey  Museum  is  of  no  scientific  value 
whatsoever.  I  am  printing  a  full  description  of  this  rare  tract  in 
the  Armah  and  Magazine  of  Natural  History^  aud  as  tk^  Hdv^i^x 
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of  the  Okologioal  Magazinx  has  Buggested  thai  it  would  be 
worth  while  to  print  here  a  few  entries  as  an  illast ration  of  the 
matter  that  interested  the  soientific,  and  awed  the  vulgar,  in  thoM 
days,  I  have  therefore  selected  and  subjoin  a  few  of  the  item 
contained  in  this  curious  work.^  The  original  Catalogue  will 
eventually  find  a  home  in  the  British  Museum  (Natural  History)  :— 

A  very  curious  specimen  of  the  bark  of  a  tree  in  coal  slate,  from 

Yorkshire. 
An  exceedingly  fine  and  large  Oriental  long  deviL 
A  very  curious  lusus  naiura  in  an  English  pebble,  representing 

a  hen  with  herbage,  and  another  in  a  flint,  representing  a  leg 

and  a  foot. 
Two  vice-admirals,  and  16  more. 
A  petrefied  nautilus  freely  exhibiting  the  conoamerations  and 

siphunculus,  from  Sheepy  Island. 
A  pair  of  Tower  of  Babel,  exceedingly  fine. 
A  Persian  music,  and  a  fine  yellow  furbelowed  oyster. 
Part  of    a   very   scarce    alatus  and   a  curious  buooinum,  from 

Hordwell  Olifif,  and  a  piece  of  limestone  with  pedicoli  trilobi 

imbedded  in  it,  Wales. 
A  large  slab  of  a  singular  kind  of  stone,  lately  discovered  in 

Derbyshire,  supposed  by  some  naturalists  to  be  a  species  of  lava. 
Part  of  a  large  ammonites  with  ramified  chambers,  sprinkled  with 

marcasites,  from  Bath. 
A  large  Swiss  breeches,  from  the  East  Indies. 
A  mass  of  bivalves  imbedded  in  sandstone. 
A  large  mass  of  bones,  with  fragments  of  limestone,  in  a  red 

calcareous  bed,  from  the  rock  of  Gibraltar. 
A  crystallized  lady  and  a  portrait  of  Mother  Shipton  in  flint 
Two  suns,  a  staircase,  and  6  more. 
Two  poached  eggs,  a  toad,  and  6  others. 
Part  of  the  outer  twirl  of  a  very  large  ammonites. 
A  pediculus  in  Fuller's  earth,  rare. 

A  pediculus  mariuus  extended,  and  another  rolled  up,  from  Dudley. 
One  valve  of  a  polyleptoginglimos,  with  curious  adhesions  of 

purple  furbelowed  oysters. 
Two  shoulders  of  mutton  and  two  large  leopard  cowries. 
Two  lions  in  shell-work. 
A  black  slate  with  impression  of  a  lizard,  very  rare,  from  Davila's 

collection. 
A  skeleton  of  a  fish  (a  kind  of  plaice)  in  an  iron  stone,  from 

Westmoreland. 
A  fine  Hampstead  pebble ;  a  beautiful  jasp-achates,  Germany  ;  and 

a  rare  brown  cauk,  Derbyshire,  all  polished. 
Two  magpies,  a  devil,  a  painted  cockle,  a  sun,  2  false  Guinea 

admirals,  and  2  Otaheite  cowries. 
An   impression    of    a    flying-fish    in   yellow   slate,    Solenhofeo, 

very  rare. 
Two  ass's  ears,  a  devil,  2  figs,  2  blackamoor's  lips,  and  6  more. 
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An  exceedingly  fine  group  of  13  olub  spiDes  of  echini  in  chalk, 
Kent,  and  a  fine  oast  of  a  cuneoas  frosted  with  marcasites  and 
spars,  Bath. 

An  Oriental  devil  of  the  first  magnitude,  very  fine. 

The  body  of  a  species  of  encrinus,  composed  of  angulated  plates, 
non  deseripL  and  very  rare,  from  a  chalk  pit  in  Surrey.^ 

A  most  capital  petrefied  subject,  being  the  thigh-bone  of  some  very 
lai^e  animal,'  supposed  to  be  either  an  elephant  or  hippopotamus, 
found  in  a  stone  quarry  at  Stonsfield,  Oxfordshire. 

The  skeleton  of  an  alligator,  in  black  slate,  extremely  rare, 
Grermany. 

A  most  elegant  and  capital  petrefaotion  of  an  JSchinm  overim, 
with  about  50  of  its  spines  adhering  to  it,  placed  in  as  nice 
order  as  in  a  recent  shell,  imbedded  in  chalk,  Kent.  This 
specimen  may  be  truly  said  to  be  invaluable,  and  is  undoubtedly 
unique. 

Three  small  gregories. 

II. — On  Lists  of  Fossils. — Yorkshire  Oeologt. 
The  Naturalist, — Actinocamax  plenus, 

Mr.  Marr,  in  his  presidential  address  to  the  Geological  Society  in 
February  last,  made  the  following  excellent  remarks : — ''  It  is 
surprising  how  many  fossil  lists  of  the  organisms  contained  in  the 
strata  of  our  own  Island  have  been  drawn  up  as  the  result  of  a  few 
hours',  or  at  most  of  a  few  days',  work  by  the  collector."  And 
"  The  rough-and-ready  methods  which,  in  some  cases,  have  been 
pnrsued  in  compiling  lists  of  fossils  of  the  different  sediments  would 
not  be  tolerated  at  the  present  day  in  any  other  branch  of  science ; 
it  is  time,  indeed,  that  the  stratigraphical  geologist  should  apply 
himself  to  his  own  branch  of  work  with  the  assiduity  and  attention 
to  detail  which  are  now  expected  of  the  palsaontologist  in  the 
Museum."  These  words  should  be  written  in  letters  of  gold  across 
the  study-wall  of  every  field  geologist. 

Yorkshire  men,  however,  care  for  none  of  these  strictures,  for 
their  diligence  in  the  search  for  fossils  is  well  known.  That  it  was 
greatly  stimulated  by  the  visits  of  Dr.  Bowe  to  the  Yorkshire  Chalk 
was  obvious,  and  one  of  the  chief  results  is  seen  in  the  July  number 
of  The  Naturalist,  where  Mr.  C.  Thompson  describes  the  first 
discovery  of  Actinocamax  plenua  in  the  *  Black  Band  '  and  overlying 
a  few  inches  of  marl  in  Yorkshire.  Repeated  and  continuous  search 
has  at  last  been  rewarded,  for  altogether  three  specimens  are 
recorded,  one  of  which  was  found  by  Dr.  Walton.  This  characteristic 
zonal  fossil  is  fairly  common  south  of  the  Humber,  but  up  to  the 
present  discovery  not  a  single  specimen  has  been  found  north  of 
that  river.  As  Belemnites  are  *  spotty  '  things,  and  from  their  shape 
roll  about  and  get  into  depressions  of  the  sea-floor,  it  is  quite  likely 
that  it  may  be  some  time  again  before  another  lot  is  found. 

The  July  number  of  The  Naturalist  is  of  considerable  geological 

*  Very  interesting  in  view  of  the  recent  *  discovery  *  of  Marsupites  in  Surrey* 

*  Prooably  Megalosaurus. 
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interest,  for,  besides  the  above  note,  there  are  papers  by  Kendall  oa 
the  concealed  coalfields  of  Yorkshire,  Derbyshire,  and  Nottingham* 
shire ;  C.  Johns,  G^logioal  Notes  on  Askrigge ;  Stather,  on  the 
Geology  of  Louth;  and  Brown,  on  JanoBsa  hitwminoBa  from  tke 
Marl  Slate,  Thiokley.  The  number  is  excellently  illustrated,  sad 
the  journal  well  deserves  the  place  it  holds  as  a  record  of  the 
Natural  History  of  the  North  of  England. 


GeO LOGICAL   SOOIBTT   OF   LoNDON. 

June  2l8t,   1905.— J.  E.   Marr,  So.D.,  F.B.S.,    President,  in  the 
Chair,     llie  following  communications  were  read : — 

1.  ''The  Relations  of  the  Eocene  and  Cretaceous  Books  in  the 
Esna-Aswau  Reach  of  the  Nile  Valley."  By  Hugh  John  Llewellyn 
Beadnell,  F.G.S.,  of  the  Geological  Survey  of  Egypt. 

At  the  meeting  of  the  International  Geological  Congress  held  in 
Paris  in  1900,  the  author  brought  forward  evidence  from  the 
Baharia  Oasis  and  Abu  Roash  to  show  that  there  was  a  marked 
unconformity  between  these  two  systems  in  the  northern  part  of 
the  country.  The  Jebel-Awaina  succession  shows  that  in  the 
southern  part  of  the  country,  where  the  Upper  Cretaceous  and 
the  Lower  Eocene  occur  in  their  fullest  development,  there  is  no 
sharp  line  of  demarcation  between  the  Cretaceous  and  the  Tertiary, 
and  no  disturbances  in  the  stratigraphical  succession.  This  is 
confirmed  by  the  auccession  in  the  Kbarga  Oasis,  where  there  is  no 
trace  of  an  unconformity.  Dr.  J.  Ball's  conclusions  to  the  contrary 
were  mainly  baaed  on  the  supposed  irregular  variation  of  the  Esna 
Shalea ;  but  where  this  occurs  it  is  mainly  due  to  the  fact  that, 
with  a  slight  increase  of  carbonate  of  lime,  these  beds  became 
almost  indistinguishable  from  the  overlying  marls  and  marly 
limestones  of  the  Eocene.  The  author  finds  in  Jebel  Nur  el 
Ghenneiem  some  180  feet  of  green  clays  between  the  Echtnocorys 
Chalk  and  the  Eocene  marls  and  limestones,  and  a  perfectly 
conformable  succession  throughout  Near  Ain  Amur  there  is 
a  considerable  development  of  fossiliferous  limestones  at  the 
summit  of  the  Cretaceous  rocks,  and  many  of  the  fossils  are  hardly 
distinguishable  from  Eocene  species.  The  author  is  of  opinion 
that  the  Farafra  succession  falls  into  line  with  that  which  obtains 
in  the  southern  part  of  the  country.  An  important  piece  of 
confirmatory  evidence  is  furnished  by  the  discovery  of  a  rich  fauna 
in  •  ashen-grey  clays '  in  the  Esna-Aswan  Reach  of  the  Nile  Valley 
by  Dr.  W.  F.  Hume,  in  the  clays  above  the  Fecten  Marls  in  the 
neighbourhood  of  Esna. 

2.  **  A  Contribution  to  the  Study  of  the  Glacial  (Dwyka)  Con- 
glomerate in  the  Transvaal."  By  Edward  T.  Mellor,  B.Sc,  F.G.8. 
(Communicated  by  permission  of  the  Director  of  the  Geological 
Survey  of  the  Transvaal.) 

The  survey  of  a   district  lying  east  of  Pretoria  and  extending 
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fiouk  near  the  Diamond  Fields  to  Middelbnrg,  has  reoentlj  afforded 
mnob  additional  information  with  regard  to  the  Olaoial  Conglomerate 
in  this  i>art  of  South  Afrioa.  The  district  lies  on  the  northern 
ec^  of  the  principal  area  occupied  by  the  Karroo  System,  and 
includes  a  number  of  outliers,  the  area  between  which  affords 
information  as  to  the  source  of  the  material  of  the  Conglomerate 
and  the  character  of  the  land-surface  on  which  it  was  deposited. 
This  surface  is  smoothed,  grooved,  and  scratched  by  ice-action.  The 
Karroo  System  is  here  only  400  or  500  feet  thick,  and  the 
Conglomerate  usually  about  50  feet;  but,  where  deposited  in  hollows, 
it  may  reach  200  feet  or  more  in  thickness,  llie  fragments  are  usually 
from  1  to  3  feet  in  diameter,  but  may  attain  as  much  as  8  or  10  feet ; 
they  are  often  facetted  and  sometimes  show  striations.  The  majority 
of  the  boulders  are  of  local  origin.  True  bedding-planes  are  rare  in 
the  Conglomerate,  but  there  are  included  patches  of  sandstone,  mud- 
stone,  or  shale,  some  of  which  show  ripple-  or  eddy-markings.  The 
strisd  are  remarkably  constant  in  direction,  and  they  and  the 
transport  of  boulders  indicate  an  ice-moTemeut  from  the  north-north- 
west to  the  south -south -east.  In  the  Prieska  district  Rogers  and 
Schwarz  found  the  movement  to  have  been  from  north-north-east 
to  south-south-west,  and  the  same  direction  is  given  by  Schenck 
from  near  the  junction  of  the  Orange  and  Vaal  Kivers.  During 
1904  outliers  of  the  Conglomerate  were  found  farther  north,  near 
the  junction  of  the  Elands  and  Olifants  Rivers. 

3.  "On  New  Oolitic  Strata  in  Oxfordshire."  By  Edwin  A. 
Walford,  F.G.S. 

The  divisions  of  the  Inferior  Oolite  of  North- West  Oxfordshire 
are  described,  and  a  quarry  on  the  border  of  the  county  cited  where 
the  Cotteswold  facies  dies  out  in  the  ^  Parkinsoni  '-stage.  A  higher 
division  of  the  same  stage  (the  Trigonia  signata  beds)  of  North- 
amptonshire type  is  shown  to  sweep  over  the  North-Eastern 
Cotteswold  region.  The  siliceo-calcareous  beds  (Chipping  Norton 
Limestone)  cover  the  countryside  which  gives  them  their  name,  and 
are  about  30  feet  thick.  Fossiliferous  strata,  separated  from  the 
Chipping  Norton  Limestone  by  a  bed  with  vertical  markings  and 
a  black  day-band,  indicative  of  much  '  inter-waste '  of  these  and 
other  beds,  are  described.  They  are  shown  to  be  similar  to  the 
Lincolnshire  (Ponton)  strata  described  by  Morris,  Judd,  and 
Woodward.  A  new  term  is  proposed  for  these  beds,  which  are 
characterized  by  the  presence  of  the  shell  Neoera,  from  the  Perna 
Marls  above  the  black  clays  to  a  higher  series  of  black  and  green 
clays  underlying  the  Stonesfield  Slate.  These  beds  and  the 
Chipping  Norton  Limestones  are  classed  with  the  sub-Bathonian. 
The  beds  equivalent  to  those  of  Oxfordshire  have,  in  Lincolnshire 
and  Northamptonshire,  been  known  in  part  as  Upper  Estuarine. 
In  the  20  feet  of  Oxfordshire  strata  there  appears  to  be  represented 
the  150  feet  of  the  Lincolnshire  Limestone  and  the  Upper  Estuarine 
of  the  north-eastern  counties.  The  author  expresses  the  hope  that 
his  work  may  help  towards  the  discrimination  of  the  two  kinds  of 
deposit  known  as  Lincolnshire  Limestones,  inasnivx(A\  qa  VVk!^  ^<^^i^% 
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oharaoterizing  each  local  (Oxfordshire)  stratum  have  heen  collected 
from  the  beds  in  aim.     Lists  of  fossils  are  given. 

4.  ''The  Causes  of  Variegation  in  Eeuper  Marl  and  in  other 
Calcareous  Rocks."  By  Gerald  Tattersall  Moody,  D.Sc.,  F.G.8. 
(Communicated  by  Professor  W.  W.  Watts,  M.A.,  P.RS.,  SecG.S.) 

Analyses  of  a  large  number  of  specimens  of  Eeuper  Marl  bring 
to  light  the  fact  that  the  red  portion  of  a  Tariegated  rock  oontaiDS 
a  considerably  higher  percentage  of  iron  and  lower  percentages  of 
calcium-carbonate  and  magnesium-carbonate  than  the  green  portiou. 
This  is  in  agreement  with  earlier  observations  that  red   strata  are 
usually  less  calcareous  than  adjacent  green  strata;    but  the  author 
is  unable  to  confirm  the  hypothesis  advanced  by  Maw,^   that  the 
lighter-coloured  bands  in  variegated  rocks  are  produced  by  bleaching 
or   discoloration    of  red    rocks   through  addition   from  extraneous 
sources  of  lime  and  magnesia.     On  the  contrary,  it  is  found  that 
the  removal  of  iron  existing  as  ferric  oxide  from  a  homogeneous 
rock-mass  is  inhibited  if  calcium-carbonate,  or  magnesium-carbonate, 
or  both  of  these  substances  be  present.    When,  however,  a  chalybeate 
water  (ferrous  bicarbonate  solution)  permeates  a  rock   containing 
magnesium-carbonate   or   calcium -carbonate,     iron    is  precipitated 
as  ferrous  carbonate,  and  an  equivalent  weight  of  magnesium  or 
calcium  passes  into  solution.     Subsequent  access  of  air  oxidizes  the 
ferrous  carbonate,  and  red  or  yellow  ferric  oxide  is  produced.     The 
author  finds  that  when  a  green  marl  is  subjected  to  the  action  of 
chalybeate  water  in  the  manner  indicated,  it  is  readily  converted 
into  a  material  closely  approximating,  both  in  appearance  and  in 
composition,  to  the  natural  red  marl  of  the  same  rock-mass. 

The  author  concludes  that  the  variegation  of  the  Eeuper  Marls 
and  of  other  calcareous  rocks  has  been  brought  about  by  the 
percolation  of  chalybeate  water  through  the  light-coloured  mass,  the 
more  porous  parts  of  which  have  in  consequence  become  stained 
with  ferric  oxide,  while  the  harder  and  more  crystalline  parts, 
being  non-i)orous,  have  remained  unchanged.  The  uniformity  in 
distribution  of  ferric  oxide  in  some  red  rocks,  such  as  the  New  Ked 
Sandstone,  suggests  that  the  iron  contained  in  them  has  probably 
been  derived  from  chalybeate  water  in  a  similar  manner. 

The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
November  8th,  1905. 

WHERE  ARE  THE  TYPES? 

Sir, — May  I  ask  if  any  of  your  readers  can  kindly  give  me  the 
information  as  to  where  may  be  found  the  types  of  S.  P.  Pratt 
(Kelloway  Ammonites  from  Christian  Malford)  and  of  Young  & 
Bird  (Lias  Fossils  in  "Geology  of  Yorkshire")  ?  The  information 
is  required  for  the  purposes  of  the  Palaontologia  Univeraalia. 

Wbstfield,  Thamb,  Oxon.  S.  S.  BuokmaN. 

*  Quart.  Joum.  Geo\.  ^oe.,  \qV  xm  (^Vft6S\,  ^p.  36  et  seqq. 
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L — Eminent  Living  Obologists: 
John  Wesley  Judd,  C.B.,  LL.D.,  F.R.S.,  F.G.S. 

(WITH    A   PORTRAIT,   PLATE    XXI.) 

OHN  WESLEY  JUDD  was  bom  at  Portsmouth  February  18th. 
1840.  His  father  belonged  to  a  branch  of  an  old  Kentish 
milj  that  had  been  settled  for  several  generations  in  the  Isle  of 
right.  His  mother  was  the  daughter  of  a  Scotchman  who  had 
oome  Sooth"  from  the  ancient  kingdom  of  Fife.  The  Christian 
%me  given  to  the  subject  of  this  sketch  was  the  result  of  an  attempt 
1  the  part  of  his  parents  to  find  a  compromise  between  the  two 
ational  religions  in  which  they  had  been  respectively  brought  up. 

As  a  boy  Judd  showed  a  strong  predilection  for  the  study  of 
nenoe.  His  interest  was  first  directed  to  astronomy,  and  having 
lade  a  telescope  with  cardboard  tubes  for  himself,  he  spent  many 
r  the  night  hours  in  observing  celestial  objects ;  this  pursuit  led 
im  to  devote  much  of  his  time  to  mathematical  studies.  At  a  later 
ate,  however,  geology  began  to  attract  his  attention,  and  the 
9ading  of  Lyell's  ''Principles  of  Geology"  appears  to  have 
etermined  his  devotion  to  that  science. 

When  only  4  years  old  the  lad  lost  his  mother,  and  before  he 
saohed  the  age  of  8  his  father  removed  to  London,  having  received 
n  appointment  at  Somerset  House.  The  boy*s  school  life,  which 
ad  commenced  at  Portsmouth,  was  continued  at  Camberwell,  and 
rben  the  time  for  leaving  school  arrived  his  fondness  for  study  led 
im  to  adopt  the  teaching  profession.  In  1858  he  entered  a  training 
allege  at  Westminster,  but  in  the  following  year  an  opportunity 
semed  to  present  itself  for  taking  up  more  purely  scientific  work 
lian  lies  in  the  way  of  an  elementary  teacher.  The  newly-formed 
)epartment  of  Science  and  Art  instituted  in  1859  an  experiment  in 
he  direction  of  securing  teachers  of  science  by  awarding  certificates 
8  the  result  of  examination.  Judd  entered  for  these  examinations 
n  the  subjects  of  geology  and  mineralogy,  and  obtained  first-class 
ertificates  entitling  him  to  teach  these  sciences.  Unfortunately, 
lowever,  the  demand  at  that  time  for  scientific  \ii;&\T\\QX\cyci^^^^.^^ 
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limited  to  justify  the  enterprise  on  the  part  of  the  Soienoe  and  Ait 
Department,  and  it  was  soon  abandoned.  Jadd,  after  some  fatile 
attempts  to  obtain  employment  as  a  teacher  of  soienoe,  resigned 
himself  to  the  work  of  general ,  elementary  teaohing  and  beoune 
master  of  a  sohool  at  HomoasUe  in  Linoolnshire.  Here,  however, 
he  spent  all  his  spare  time  in  soientifio  studies,  devoting  the  greater 
part  of  his  nights  to  work  in  a  small  ohemioal  laboratory  which 
he  had  fitted  up  in  his  house.  His  holidays  daring  three  years* 
residence  in  Linoolnshire  were  spent  in  rambling  about  the  county 
and  making  himself  acquainted  with  its  geologioal  features. 

Although  the  examination  for  the  teaohership  in  soienoe  led  to  no 
direct  practical  result,  yet  it  proved  the  turning-point  in  Judd's 
career  by  introducing  him  to  the  notioe  of  the  two  examiners — his 
subsequent  friends  and  colleagues.  Professor  (afterwards  Sir  Andrew) 
Kamsay  and  Mr.  (afterwards  Sir  Warington)  Smyth.  These 
geologists,  after  the  perusal  of  the  young  candidate's  papers,  both 
communicated  with  him,  giving  him  warm  encouragement  and 
offering  their  assistance  if  he  came  to  the  Boyal  School  of  Mines  to 
continue  his  studies. 

It  was  not,  however,  till  the  beginning  of  1863  that  Judd  found 
himself  able  to  accept  the  invitation.  He  then  entered  the  Jermyn 
Street  School  by  passing  the  examinations  of  the  first  two  years 
with  the  object  of  taking  the  courses  of  the  third  year.  It  was, 
however,  possible  at  that  time  to  attend  all  the  series  of  lectorss 
during  one  year,  and  very  gladly  he  availed  himself  of  the 
opportunity  of  listening  to  the  discourses  of  Hofmann,  Tyndall 
Huxley,  Ramsay,  Smyth,  Percy,  and  Willis,  as  well  as  to 
occasional  lectures  by  Owen,  Jukes,  and  others.  At  the  end  of 
the  third  year  Judd,  instead  of  sitting  for  the  Associateship,  became 
a  candidate  for  one  of  the  newly  instituted  Royal  Exhibitions.  This 
he  did  in  the  hope  of  being  able  to  spend  three  years  in  higher 
studies  and  research.  But  on  winning  the  exhibition  he  found  that 
no  arrangements  could  be  made,  within  the  circumscribed  limits  of 
the  Jermyn  Street  building,  for  such  advanced  work,  and  he  some- 
what reluctantly  accepted  an  offer  to  become  analytical  chemist  in 
the  iron  and  steel  works  of  Messrs.  Cammell  &  Co.  at  Sheffield. 

The  residence  of  Judd  at  Sheffield,  though  limited  to  less  than 
a  year,  exercised  a  very  important  influence  upon  his  future 
(lareer,  for  it  was  there  that  he  formed  the  acquaintanceship  of 
Uenry  Clifton  Sorby,  who  became  his  lifelong  friend.  Mr.  Sorby 
taught  him  to  make  thin  sections  of  rooks,  and  fully  impressed  upon 
him  the  value  of  this  method  of  research.  This  was  in  the  year 
1864 — a  period  when  the  microscopic  study  of  rocks  had  attracted 
hut  little  attention  either  in  this  country  or  abroad.  The  residence 
at  Sheffield  was  brought  to  a  sudden  end  by  a  railway  accident  in 
which  Judd  nearly  lost  his  life. 

After  many  months  of  confinement  to  a  sick  bed,  Judd  ^va8 
ordered  by  the  doctors  to  abstain  from  settled  employment  for  some 
years,  ancl  he  gladly  availed  himself  of  the  opportunity  to  return 
to  Lincolnshire  and  devote  an  out-of-door  life  to  continuing  the 
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geological  Btndies  of  the  county  which  he  had  already  oommeuced. 
The  result  of  these  labours  was  seen  in  two  noteworthy  additions  to 
geological  knowledge.  In  the  first  place,  he  was  able  to  show  that 
the  strata  which  form  the  base  of  the  Lincolnshire  Wolds — which 
had  been  vaguely  referred  either  to  the  Jurassic  or  the  Lower 
Greensand — are  really  representatives  of  the  Neooomian  of  the 
Continent,  and  an  examination  of  the  Speeton  Clay  of  Yorkshire 
proved  that  all  the  zones  shown  to  exist  in  Lincolnshire  are  present 
there  also  under  different  mineral  conditions.  In  the  second  place, 
a  study  of  the  fossils  in  the  great  belt  of  oolitic  limestones  running 
north  and  south  through  the  county  of  Lincoln,  and  continued  south- 
wards into  the  Midlands  and  northward  into  the  East  Riding  of 
Yorkshire,  demonstrated  that  these  rocks  are  of  Inferior  Oolite  age, 
and  not  Great  Oolite,  as  had  hitherto  been  supposed.  His  work  in 
Lincolnshire  was  varied  by  trips  to  the  Continent,  where,  with 
knapsack  on  back,  he  visited  and  studied  the  various  equivalents  of 
the  Lincolnshire  strata. 

Among  those  who  were  specially  interested  in  the  results  of  this 
work  was  the  amiable  Oxford  professor,  John  Phillips.  Phillips 
made  the  suggestion  that  Judd  should  complete  a  geological  map  and 
memoir  on  Lincolnshire,  as  he  had  himself  done  for  Yorkshire.  But, 
on  the  other  hand,  Professor  Ramsay  urged  Judd  to  accept  a  temporary 
post  on  the  Geological  Survey,  promising  him  the  opportunity  of 
surveying  the  districts  south  of  Lincolnshire,  where  his  previous 
experience  would  be  of  special  use.  He  accordingly  joined  the 
Survey  in  1867,  and  for  four  years  was  engaged  in  the  survey  of 
Rutland  and  parts  of  the  adjoining  counties.  The  result  of  this 
work  was  to  demonstrate  the  necessity  of  a  revision  of  the  whole 
of  the  Lower  Oolites  of  the  Midland  districts  as  far  south  as  Oxford- 
shire and  Gloucestershire.  Over  the  whole  of  this  area  the  rocks 
hitherto  mapped  as  Great  Oolite  were  re-mapped  as  *'  Lincolnshire 
Limestone"  and  "Northampton  Sand,"  and  placed  in  the  Inferior 
Oolite,  while  the  limits  and  divisions  of  the  true  Great  Oolite  were 
defined.  During  this  period  Judd  was  able  to  apply  the  methods 
which  had  been  taught  him  by  Sorby  to  the  investigation  of  the 
nature  and  origin  of  the  ferruginous  rooks  of  the  Northampton 
Sand.  His  paper  on  the  subject,  containing  a  full  discussion  of  the 
microscopical  and  chemical  characters  of  the  rooks,  was  read  before 
the  Geological  Society  in  March,  1869,  but  was  withdrawn  in  con- 
sequence of  a  new  regulation  being  made  that  such  papers  must 
appear  in  the  Survey  Memoirs.  It  was  at  last  published,  but  without 
figures,  in  1875. 

A  former  colleague  and  fellow-worker  on  the  Geological  Survey 
for  many  years  writes  of  his  work  as  follows  : — 

"Professor  Judd  joined  the  staff  of  the  Geological  Survey  in  1867, 
and  was  occupied  during  three  years  in  the  county  of  Rutland  and 
bordering  portions  of  Leicestershire,  Lincolnshire,  and  Northampton- 
shire, that  are  included  in  Sheet  64  of  the  old  series  map. 

"In  the  course  of  his  investigations  he  proved  beyond  question 
that  the  important  group  of  limestones  whioli  form  *  \)[i^  ^\^^  oJ^. 
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Linoolnshire  belong  to  the  Inferior  Oolite,  and  not  to  the  Gie^^ 
Oolite  as  had  been  generaUy  believed.  Maoh  confusion  had  arisen 
through  the  correlation  of  the  Golly  weston  Slate  with  the  Stone8fie\<i 
Slate.  These  and  other  matters  oonnected  with  the  stratigraphy  oC 
the  Lower  Oolites,  and  especially  with  the  age  and  relations  of  the 
Northampton  Sands,  were  clearly  expounded  by  Professor  Jadd. 
The  acceptance  of  his  views  necessitated  the  revision  of  some  of  tlie 
previously  published  maps  of  the  Qeological  Survey,  and  during  the 
last  year  (1870-71)  he  was  occupied  on  the  Oeological  Survey  he 
carried  his  revisions  as  far  as  he  was  able  from  the  neighbourhood 
of  Northampton  into  parts  of  Oxfordshire ;  but  much  yet  remains  to 
be  done  in  the  area  near  Chipping  Norton. 

''The  description  of  Sheet  64  was  written  by  Professor  Judd  in 
the  memoir  on  'The  Geology  of  Rutland,'  eta,  issued  in  1875 
by  the  Geological  Survey.  This  memoir  contained  an  important 
Introductory  Essay,  '  On  the  Classification  of  the  Jurassic  Strata 
of  the  Midland  District,  and  their  Correlation  with  those  of  the 
Cotteswold  Hills  and  the  North-East  of  Yorkshire  respectively/ 
In  this  essay,  as  pointed  out,  some  of  the  views  had  been  fore- 
shadowed in  previous  writings  by  Brodie,  Lycett,  and  to  a  certain 
extent  by  Morris,  while  Samuel  Sharp  of  Northampton  and  Thomas 
Beesley  of  Banbury  had  concurrently  been  working  on  the  Lower 
Oolites  in  their  respective  districts,  and  had  been  *  independently  led 
to  similar  conclusions '  with  regard  to  the  Linoolnshire  Oolite  and 
Northampton  Sand.  Nevertheless,  the  whole  subject  was  dealt  with 
by  Professor  Judd  in  a  masterly  way,  and  his  original  observations 
not  only  placed  the  subject  on  a  sound  basis  but  formed  the  guide  to 
all  subsequent  workers  in  the  Midland  area." 

The  special  work  for  which  Judd  had  joined  the  Survey  having 
been  completed,  he  accepted  an  offer  from  his  friend  Mr.  Matthew 
Arnold,  in  1871,  to  join  the  Education  Department  for  a  time,  and 
to  act  with  him  as  an  Inspector  of  Returns  under  the  Education 
Act  of  1870.  For  over  a  twelvemonth  be  was  engaged  in  inspecting 
elementary  schools  and  training  colleges  in  the  London  area 
between  Westminster  and  Edmonton.  Geology  was  not,  however, 
entirely  neglected  during  this  period,  for  he  had  undertaken  to 
furnish  the  Geological  Survey  with  a  memoir  on  the  districts  he  had 
surveyed  in  Rutland,  etc.,  with  an  essay  on  the  classification  of  the 
Lower  Jurassic  Strata  of  the  Midland  district.  This  work  was 
published  in  1875.  At  this  period,  too,  he  was  led  to  pay  a  con- 
siderable amount  of  attention  to  the  question  of  the  age  of  the 
Wealden  formation  and  its  relations  to  the  strata  above  and  below  it, 
the  Jurassic  and  Neocomian. 

Released  from  the  work  of  school  inspection,  Judd  returned  with 
zest  to  geological  pursuits.  The  patches  of  Jurassic  strata  in  the 
north-east  of  Scotland  attracted  his  attention,  and,  after  two  years 
of  hard  work  in  the  district,  he  was  able  to  show  that  these  patches 
of  Mesozoic  strata  owe  their  preservation  to  the  action  of  great 
faults,  by  which  they  had  been  let  down  among  the  older  and  harder 
rocks.     He  also,  with  the  aid  of  Dr.  Joass  and  Dr.  Gordon,  collected 
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the  fossils  of  the  various  beds,  and  showed  the  exact  age  and  relations 
of  the  whole  series  from  the  Trias  to  the  Upper  Oolites. 

The  stndy  of  the  Mesozoio  strata  of  the  east  coast  of  Scotland 
naturally  led  to  the  examination  of  the  equivalent  beds  in  the 
western  coasts  and  islands,  and  here  Judd,  in  addition  to  working 
out  minutely  the  succession  of  Jurassic  and  Triassic  rocks,  was  able 
to  show  that  interesting  representatives  of  the  Carboniferous  and 
Cretaceous  systems — the  presence  of  which  had  been  hitherto  quite 
unsuspected — actually  occur  in  these  Western  Highlands. 

The  preservation  of  patches  of  younger  rocks  in  the  west  of 
Scotland,  while  as  in  the  eastern  area  partly  due  to  the  action  of  great 
faults,  is  to  a  still  greater  extent  the  result  of  the  protection  afforded 
by  the  vast  masses  of  igneous  rocks  with  which  they  are  associated. 
Jndd's  attention  was  therefore  soon  directed  to  the  unravelling  of 
the  complexities  of  these  rock-masses,  and  of  their  relations  to  the 
Mesozoio  strata.  The  task  was  at  the  time  one  of  great  difficulty, 
for  no  Ordnance  Maps  of  the  district  had  been  published,  while  the 
facUities  for  travelling  in  the  district,  especially  to  a  man  of  small 
means,  were  far  less  than  even  at  the  present  day. 

Maooulloch  had  demonstrated  that  these  igneous  rocks  are  of  later 
date  than  all  the  Secondary  strata  with  which  they  are  so  closely 
associated,  while  Zirkel  had  proved  that  among  the  rocks  of  Skye 
true  granites  and  gabbros  occur.  Other  writers,  however,  had 
mHintained  the  Jurassic  age  and  a  raetamorphio  origin  for  these 
rocks.  The  result  of  Judd's  work  was  to  establish  the  fact  that 
between  the  most  perfect  granites  and  gabbros  there  exists  every 
gradation,  to  rhyolites  and  pitohstones  on  the  one  hand,  and  to 
basalts  and  tachylytes  on  the  other  hand ;  and  thus  that  the  dis- 
tinction between  '  plutonic '  and  *  volcanic '  rocks  is  a  purely  artificial 
one.  That  all  these  igneous  rocks  must  be  of  Tertiary  age  he 
proved  by  showing  that  they  overlie  and  are  intrusive  in  the 
youngest  Cretaceous  strata  (Chalk  of  the  Zone  of  Belemnitella 
mueronata). 

As  the  result  of  a  general  survey  of  the  igneous  rock-masses,  he 
was  able  to  state  that  they  indicate  the  existence  of  five  centres  of 
eruptive  activity — the  sites  of  great  Tertiary  volcanoes;  and  that 
concerning  the  dimensions  and  history  of  these  volcanoes  im- 
portant evidence  can  be  obtained  ;  the  extinction  of  these  great 
volcanoes  was  shown  to  have  been  followed  by  sporadic  outbursts 
all  over  the  area.  He  maintained  that  the  general  order  of  succession 
in  the  eruption  of  the  igneous  materials  was  from  the  acid  to  the 
more  basic  varieties. 

The  results  of  this  work  in  the  Western  Isles  of  Scotland 
attracted  much  interest  among  geologists,  and  the  veterans  of  the 
science — Lyell,  Darwin,  and  Scrope — were  warm  in  their  praise 
and  kindly  in  their  encouragement  and  aid.  In  1874  Sir  Charles 
Lyell,  then  nearly  blind,  invited  Judd  to  spend  part  of  the  Summer 
at  his  home  in  Forfarshire  and  to  visit  and  talk  over  many  of  the 
scenes  of  the  master's  early  labours,  while  helping  to  revise  a  new 
edition  of  the  "  Elements  of  Geology."     After  the  de^XXi  ol  \i^^> 
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Darwin  used  to  invite  Jndd  from  time  to  time  to  meet  him  and 
discuss  current  geological  topics.  Scrope,  at  this  period  too  old  and 
infirm  to  undertake  farther  travels,  sent  Jadd  to  visit  the  different 
volcanic  districts  of  Europe,  which  he  himself  knew  so  well,  aiding 
him  the  while  hy  conversation  and  correspondence.  Never  surdy 
was  young  geologist  so  fortunate  and  happy  in  se<mring  the  friend- 
ship and  teaching  of  men  like  Lyell,  Darwin,  and  Sorope ! 

As  the  results  of  his  travels  over  Europe,  Judd  published  a  series 
of  papers  under  the  title  of  ''Contributions  to  the  Study  of 
Volcanoes."  He  also  read  before  the  Qeological  Society  a  paper 
on  the  ancient  volcano  of  Schemnitz.  In  his  earlier  memoirs  he 
had  been  content  to  adopt  Bunsen's  classification  of  rooks  in  an  Acid 
and  a  Basic  series.  He  now,  however,  showed  that  sudi  a  simple 
classification  was  beset  with  difficulties,  and  proposed  the  term 
'*  Intermediate  *'  for  that  extensive  class  of  rocks  which  could  not 
be  conveniently  assigned  to  either  of  Bunsen's  classes.  The  French 
geologists,  later,  adopted  the  same  plan,  calling  the  intermediate 
rocks  **  Neutral."  At  a  later  date  Jndd  proposed  the  separation  of 
the  smaller  group  of  *'Ultrabasio  rocks"  as  a  distinct  class.  His 
study  of  the  contemporaneous  volcanic  rocks  of  Bohemia  and  Hungary 
led  to  the  recognition  of  the  fact  that  a  geographical  distribution  of 
rocks  exists,  not  less  marked  than  that  of  animals  and  plants,  and 
this  idea  crystallized  in  the  suggestion  of  the  term  ''  petrographioal 
province,"  which  is  now  so  universally  adopted.  While  travelling 
over  the  volcanic  districts,  Judd  was  able  to  send  to  his  friend 
Professor  Story  Maskelyne  large  collections  of  rock-specimens, 
which  were  deposited  in  the  Mineral  Department  of  the  British 
Museum. 

During  his  journeys  upon  the  Continent  for  the  purpose  of 
studying  the  volcanic  rocks,  Judd  never  lost  sight  of  the  importance 
of  making  himself  acquainted  with  the  best  methods  of  teaching 
science.  His  frequent  intercourse  with  his  former  teacher  and 
constant  friend — Professor  Huxley — had  led  him  to  recognize  the 
supreme  vahie  of  practical  teaching  in  science,  and,  while  visiting 
the  various  universities  and  mining  schools  of  the  Continent,  this 
point  was  kept  constantly  in  view.  In  1876  the  opportunity  of 
taking  up  the  teaching  of  geology  arrived,  through  the  resignation 
by  Sir  Andrew  Ramsay  of  the  professorship  of  geology  in  the  Koyal 
School  of  Mines  on  his  appointment  to  the  Directorship  of  the 
Geological  Survey.  By  the  unanimous  vote  of  the  Council  Judd 
was  recommended  for  the  vacant  post,  and  at  once  entered  on  its 
duties. 

After  lecturing  for  a  year  at  Jermyn  Street,  it  was  found  that  the 
impossibility  of  obtaining  laboratory  accommodation  necessitated  the 
removal  of  the  geological  division  to  South  Kensington,  to  which 
place  most  of  the  other  divisions  of  the  school  had  already  been 
transferred,  and  in  1881  the  sphere  of  work  of  the  school  wa» 
enlarged  by  the  creation  of  the  Royal  College  of  Science.  Here, 
with  the  assistance  of  Huxley,  Judd  organized  a  system  of  practical 
teaching  in  geology,  similar  to  that  already  established  for  biolog)% 
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and  this  syBtem  daring  the  next  twenty-five  yean  was  gradually 
developed  with  the  co-operation  of  able  students,  who  beoame  his 
assistants,  among  whom  may  be  especially  mentioned  Professor  Cole, 
the  late  Mr.  A.  V.  Jennings,  Dr.  W.  F.  Hnme,  Mr.  T.  H.  Holland, 
Dr.  Evans,  Dr.  Callis,  and  Professor  Skeats. 

In  1878  Professor  Jadd  married  Jeannie  Frances  Jeyes,  a  niece 
of  his  old  friend  and  fellow-worker  in  the  geology  of  the  Midlands 
—8.  Sharp,  Esq.,  F.S.A.,  F.Q.S.  In  1877  he  was  elected  one  of 
the  Secretaries  of  the  Geological  Society,  and  served  that  office  for 
ten  years  till  he  was  elected  President,  during  the  years  1886  and 
1887.  He  had  received  the  Wollaston  Fund  in  1868,  and  in  1891 
was  awarded  the  Wollaston  Medal. 

Poring  nearly  thirty  years  that  he  has  been  engaged  in  teaching, 
only  the  Summer  vacations  have  been  available  for  field-work.  But 
in  these  vacations  the  igneous  rocks  of  the  Western  Isles  and  other 
parts  of  Scotland  have  been  examined  and  the  collections  made 
subeequently  studied  in  the  laboratory.  The  results  have  been 
published  in  a  series  of  petrographical  memoirs  in  the  Quarterly 
Journal  of  the  Oeological  Society.  Teaching  the  science  with 
London  as  a  centre,  all  questions  concerning  the  geology  of  the 
London  Basin  were  naturally  of  special  interest  to  him,  and  thus  he 
was  led  to  the  publication  of  papers  on  the  geology  of  the  London 
and  Hampshire  Basins  and  the  correlation  of  their  strata.  With  the 
aid  of  a  pupil,  the  late  Mr.  Collett  Homersham,  he  was  able  to  study 
the  materials  obtained  in  a  deep  boring  at  Biobmond,  and  to  show 
that  there,  and  also  in  the  deep  well  at  Meux  boring  in  the 
Tottenham  Court  Boad,  richly  fossiliferous  deposits  of  Lower 
Oolite  age  occur. 

One  who  has  known  Professor  Judd  for  many  years,  and  is 
competent  to  judge  of  the  value  of  his  work  as  a  geologist,  writes  : — 

"The  breadth  and  accuracy  of  Judd's  knowledge  is  the  charcusteristic 
which  from  the  first  has  most  impressed  me.  Trained  in  youth  as 
a  practical  chemist,  well  grounded  at  the  Boyal  School  of  Mines 
in  physics  and  biology,  early  to  appreciate  the  importance  of  the 
microscope  in  the  study  of  rocks,  with  his  experience  in  the  field  as 
a  worker  on  the  staff"  of  the  Geological  Survey  greatly  widened  by 
study  of  some  of  the  most  interesting  districts  on  the  Continent, 
he  could  deal  with  all  sides  of  a  problem,  whether  petrological, 
or  physical,  or  palasontologioal,  and  he  contrived,  notwithstanding 
the  incessant  demands  of  educational  work  in  later  years,  to  keep 
well  up  to  date  in  the  literature  of  the  science.  He  has  made — and 
this  can  be  said  of  very  few — valuable  contributions  to  all  depart- 
ments of  geology,  and  in  proof  of  this  I  need  only  recall  papers  in 
the  Mineralogical  Magazine,  such  as  that  on  Scapolite,  those  in 
this  periodical  on  glacial  questions  and  on  volcanoes,  afterwards 
developed  into  his  well-known  book,  those,  chiefly  in  the  Quarterly 
Journal,  in  which  he  dispelled  the  fog  which  obscured  our  Neooomian 
deposits,  his  memoir  on  the  geology  of  Butland,  and  the  papers 
on  the  west  coast  of  Scotland,  which,  whether  the  verdict  on  one 
point  be  ultimately  for  or  against  him,  will  always  rank  a&  ^\a&^v^. 
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In  fact,  whatever  work  he  has  done,  whetlier  acientifio,  ediicatioiial, 
or  adminiBtradye,  has  always  been  diaraotarixed  bj  a  carefol 
obsenration,  a  oonsclentioiis  thoroughness,  and  an  earnest  desire  to 
arriTe  at  the  tmth." 

When  Professor  Huxley  retired  from  hb  professorship  in  the 
Royal  CoU^e  of  Science  in  1885,  he  retained  the  post  of  Uonoiarj 
Dean,  bnt  many  of  the  duties  of  the  office  were  undertaken  by 
Professor  Jodd,  who  on  the  death  of  Huxley  in  18d5  was  made 
Dean  and  created  a  O.B.  He  was  elected  a  Fellow  of  the  Boyal 
Society  in  1877,  and  has  served  twice  for  periods  of  two  years  each 
on  the  Council,  acting  as  a  Vice-President  of  the  Society  in  1902 
and  1903.  In  1887  he  was  President  of  the  Geological  Section  of 
the  British  Association  at  the  Aberdeen  meeting,  and  some  yesri 
subsequently  bad  the  honorary  degree  of  LL.D.  conferred  upon  him 
by  the  University  of  that  city.  He  has  acted  for  a  considerable  time 
as  Chairman  of  the  Seismological  Committees  both  of  the  British 
Association  and  the  Boyal  Society,  and  is  Foreign  Secretary  of  the 
Mineralogical  Society. 

While  educational,  official,  and  other  duties  have  necessarily 
limited  his  opportunities  for  reeearoh  during  recent  years,  he  has 
found  time  for  study  of  materials  obtained  by  boring  in  the 
Nile  Delta,  for  work  upon  the  products  of  the  great  eruption  st 
Erakatoa,  on  the  rocks  brought  home  from  the  Buby  district  of 
Burma  by  Mr.  C.  Barrington  Brown,  and  especially  on  tbe  cores  and 
other  specimens  obtained  in  the  boring  in  the  Coral-reef  of  Funafuti. 
Various  incidental  questions  like  those  of  the  nature  of  Sarsens,  the 
materials  employed  in  the  building  of  Stonehenge,  the  nature  of 
the  rocks  fomiing  Rockall,  with  problems  arising  out  of  the  study 
of  rock-forming  minerals,  have  engaged  his  attention  and  formed 
the  subject  of  numerous  papers.  Of  larger  works  for  students  he 
has  written  a  revised  edition  of  Lyell's  Elements  under  the  name 
of  **The  Student's  Lyell";  "Volcanoes:  What  they  are  and  what 
they  Teach  " ;  a  translation,  with  introductory  notice,  of  Behren's 
"  Microchemical  Analysis";  and  critical  introductions  to  Darwin's 
geological  books,  one  of  these  having  been  translated  into  French 
by  his  old  friend  Professor  Kenard. 

From  the  teaching  work,  which  has  occupied  so  much  of  his  time 
and  energies  during  nearly  thirty  years,  Mr.  Judd  has  now  just 
retired,  having  reached  the  age  limit.  Many  hundreds  of  his  students 
now  occupy  important  teaching  posts  or  are  engaged  in  the  geological 
surveys  of  our  own  country,  the  Colonies,  India,  and  Egypt,  while 
still  more  are  engaged  in  mining  and  metallurgical  work  in  all  parts 
of  the  globe. 

One  of  his  old  Assistants  who  knows  bis  methods  of  teaching,  and 
has  gone  through  the  work  of  the  Boyal  College  of  Science  with 
him,  writes : — 

'*  As  a  teacher  of  geology  Professor  Judd  holds  a  position  of  the 
highest  distinction.  The  courses  of  instruction  designed  and 
gradually  evolved  by  him  have  long  been  regarded  as  among  the 
most  perfect  and  complete  of  their  kind.     He  was  one  of  the  very 
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'first  to  introduce  into  the  academio  ourrioulum  systematio  praotioal 
instraction  in  the  subject,  and  of  the  many  excellent  courses  in 
geology  now  open  to  students  in  various  parts  of  the  world,  not 
a  few  are  based,  wholly  or  in  part,  upon  the  methods  originated 
by  him  and  carried  out  so  ably  and  for  so  many  years  in  the  Boyal 
Oollege  of  Science. 

"  Throughout  his  career  as  a  teacher  of  science  Professor  Judd  has 
been  an  enthusiastic  advocate  of  the  system  employed  in  the  Royal 
Oollege  of  Science  of  enabling  the  student  to  concentrate  his  whole 
attention  upon  one  subject  at  a  time,  instead  of  requiring  him  to  study 
several  different  and  not  necessarily  cognate  subjects  simultaneously. 
He  has  also  strongly  upheld  the  principle  of  making  practical 
teaching  in  the  laboratory  strictly  sequential  to,  and  directly  illus- 
trative of,  the  lectures.  In  his  own  department,  whenever  possible, 
t)ie  laboratory  work  has  been  arranged  as  an  immediate  extension 
•of  the  lectures,  in  which  the  student  has  had  an  opportunity  of 
examining  systematically  and  illustrating  experimentally  such  data 
and  principles  of  the  subject  as  are  capable  of  exemplification  in  this 
manner  ;  and  it  is  doubtless  to  this  excellent  system  of  simultaneous 
theoretical  and  practical  work  that  the  very  real  knowledge  of  their 
subject  which  has  characterized  such  a  large  proportion  of  his  pupils 
has  been  mainly  due.  Another  feature  which  has  determined  the 
success  of  Prof  Judd's  teaching  is  his  freedom  from  conservativism  : 
if  the  advances  made  in  his  subject  or  in  any  branch  of  it  have 
pointed  to  the  desirability  of  changes  in  the  method  of  its  presentation 
tu  the  student,  he  has  never  shrunk  from  the  abandonment  of 
methods  already  adopted  or  from  such  wholesale  reconstruction  of 
bis  courses  as  may  have  seemed  necessary  to  bring  them  into  touch 
with  the  most  recent  views. 

'*  Tlie  relations  between  Professor  Judd  and  his  students  have  always 
been  of  the  pleasantest  and  most  cordial  kind.  He  has  invariably 
taken  a  keen  personal  interest  in  all  who  have  come  under  his 
<;harge,  and  has  always  been  ready  to  help  and  advise  them,  not 
only  in  their  geological  studies,  but  also  in  all  inatters  connected 
with  their  college  life  and  their  future  career.  He  was  constantly 
invited  to  act  as  an  officer  of  the  many  clubs  and  societies  of  the 
college,  and  in  such  a  capacity  always  set  an  excellent  example  to 
those  associated  with  him  by  the  very  conscientious  manner  in  which 
he  performed  the  duties  which  his  acceptance  of  office  entailed, 
notwithstanding  his  very  heavy  duties  as  Professor  and  Dean.  These 
and  many  other  traits  endeared  him  to  the  students,  among  whom  he 
was  very  popular,  and  by  whom  he  was  regarded  with  great  respect 
and  esteem.  It  must  be  a  constant  source  of  pleasure  to  him  to  feel 
that  the  many  hundreds  of  students  who  have  passed  through  his 
hands,  and  who  are  now  distributed  all  over  the  world,  will  always 
entertain  the  pleasantest  recollections  of  their  association  with  him ; 
they  will  learn  with  regret  that  he  has  relinquished  the  post  which 
he  has  filled  so  long  and  honourably." 
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II. — Thb  Chalk  Bluffs  at  Trimingham. 
By  Professor  T.  G.  Bonnby,  D.Sc,  F.R.S.,  and  Rev.  E.  Hill,  M.A.,  F.G.S. 

(PLATE   XXII.) 

THE  huge  masses  of  chalk  in  the  glacial  drift  on  both  sides  of 
Cromer,  and  especially  at  the  headland  near  Trimingham, 
have  for  many  years  attracted  the  attention  of  geologists.  In  this 
Magazine  (Dec.  II,  Vol.  VII,  1880,  p.  55)  and  in  the  Survey 
Memoir  on  the  Geology  of  the  Country  around  Cromer,  published 
in  1882,  Mr.  Clement  Beid  ascribes  those  at  the  latter  place  to  the 
advance  of  an  ice-sheet  by  which  the  chalk  has  been  thrust  up  inta 
a  kind  of  fold  and  the  flint  layers  have  been  bent,  illustrating  his 
interpretation  by  a  diagrammatic  section.  We  visited  the  Cromer 
cliffs  for  the  first  time  in  1892,  and  after  a  careful  examination  of 
the  Trimingham  headland,  not  only  felt  more  strongly  than  l>efore 
certain  weak  points  in  Mr.  Heid's  reasoning,  but  also  observed 
some  facts  difficult  to  reconcile  with  his  conclusions.  Since  that 
date  we  have  more  than  once  visited  these  sections,  and  found 
last  April  that  comparatively  recent  inroads  of  the  sea  had  made 
great  changes  which  had  shown  the  relations  of  the  chalk  and 
glacial  drift  to  be,  in  our  opinion,  incompatible  with  Mr.  Reid's 
interpretation. 

In  1892  two  separate  masses  or  '  bluffs '  of  chalk,  as  he  describes 
in  the  Memoir   (p.   95),   were  exposed  in  the  drift  «it  iVve^  Vi^^'^ 
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of  tbe  cliff  near  Trimingham.  In  the  wwleni  of  f^brnm  tte  hulk 
of  flint  were  contorted,  though  not  quite  as  rnfiRiMiBliiil  in  kk 
diagram  (p.  116),  for  the  top  one  was  again  bent  op  oo  the  land  side^ 
Above,  and  to  some  extent  behind  it,  was  a  bed  of  Ueidi-gnf 
boulder-clay '  with  no  sign  of  contortion  beyond  its  oeemienee  in 
these  two  positions,  which  here  and  there  was  parted  from  tlie 
chalk  by  a  thin  layer  of  coarse  gravel.  Over  the  day  oame  a  bedded 
sand  with  much  internal  contortion,  and  above  this  a  seoond  boolder- 
clay  (rather  browner  in  colour  and  less  pebbly)  lying  i^parantlj 
even  and  undisturbed.  The  chalk  bluff  ended  landwards  on  bodi 
sides  in  an  almost  vertical  wall  (if  anything,  slightly  overhanging). 
The  drift  beds  on  the  eastern  side  were  a  little  more  oonfhsed  tluin 
on  the  other;  the  upper  boulder-clay  seemed  slightly  more  laminated. 
and  the  lower  one  was  rather  thicker. 

The  eastern  bluff  was  divided  into  two  masses,  one  about  30  feat, 
the  other  about  50  feet  long,  by  a  V-shaped  gnlly,  about  10  feet 
wide,  filled  with  laminated  clay.  At  its  ends  the  flint  bands,  so 
far  as  they  could  be  seen,  showed  no  contortion,  nor  did  the  drift 
be<ls  above  appear  '  rucked  up.'  In  fact,  we  saw  no  indication  of 
what  might  have  been  expected  if,  after  at  least  some  of  the  glacial 
drift  had  been  deposited,  a  great  ice-sheet  had,  as  it  advanced, 
pushed  up  the  chalk  in  a  sharp  fold,  and  the  following  note  written 
at  the  time  by  one  of  us  (T.  O.  B.)  expresses  our  oonolnsion  :^ 
**  After  prolonged  examination  I  am  convinced  (with  Hill)  that 
0.  R.  is  wrong  in  bis  interpretation  of  the  record ;  that  there  is  no 
contortion,'  and  that  the  mass  of  chalk  is  a  boulder." 

One  of  us  (E.  H.)  visited  the  section  in  the  Spring  of  1898  and  of 
1H99.  On  tho  fonner  occasion  he  noted  on  the  top  of  the  western 
boulder  a  hod  of  gravel.  "  probably  debris  of  denuded  chalk  before 
transport,*'  and  on  that  of  the  eastern  one  a  bedded  sandy  clay  filling 
lip  its  inequalities,  and  overlain  by  bedded  sands,  which  were  seen 
to  rest  on  tlie  chalk  at  its  northern  end.  On  the  latter  occasion  he 
wrote  :  *'  The  chalk  blnfif  is  probably  much  wasted.  Now  there  is 
no  vertical  bedding  on  the  higher  cliff,  only  in  a  low  mass  at  the 
east  end  the  })eds  seem,  though  not  very  clearly,  to  be  steep.  Of 
tho  boulder-clay  but  little  is  left,  and  that  is  covered  by  blown 
sand,  but  the  beds  have  the  appearance  of  being  deposited  round 
tho  mass,  not  crushed  up  with  it."  On  this  occasion  he  also  saw 
a  mass  of  chalk,  exposed  at  the  base  of  the  cliff  and  rising  from  the 
shore,  some  six  or  seven  hundred  j^ards  on  the  Cromer  side  of  the 
Trimingham  headland,  about  seventeen  yards  long,  and,  so  far  as  he 

'  W«.>  prolor  thi:»  moro  i^eneral  torm  t,o  that  of  till,  by  which  it  has  genemlly  ht'sfD 
<lesii^;it«(l  in  the  Cromer  sections.  Though  the  latter  is  no  longer  used  to  imply 
an  indubitable  product  ot  laud  ice  (u  very  convenient  distinction),  some  remnant  ot 
that  connotation  still  clin„'s  to  the  word,  and  besides  this  we  are  unable  to  see  in 
what  important  re.spect  (except  an  occasional  more  distinct  appearance  of  stratilieation) 
th("ie  glacial  clays  near  Cromer  differ  from  similar  Englisn  deposits  to  the  north. 
south,  f)r  west. 

-  Meaning  .such  as  is  figured  in  the  Memoir.  Throughout  we  paid  more  attention 
to  tlie  western  bluff  (heuce  the  above  use  of  the  singular)  because  the  bent  flint  layers 
in  that  made  it  the  mainstay  ot  the  hypothesis. 
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remembers,  not  more  than  four  high,  the  beds  of  flint  carving  down 
very  gently  towards  its  eastern  end.  This  mass  had  not  been  visible 
in  1898,  nor  was  it  in  1905,  having  probably  been  washed  away 
in  the  interval. 

We  were  again  at  Cromer  in  the  Spring  of  1900,  and  twice  visited 
the  Trimingham  section.'  The  drift  about  the  western  ohalk-masa 
was  much  obscured  by  washed  down  mud,  but  the  curvature  in  the 
bands  of  flint  was  very  distinct  at  the  eastern  end  and  less  so  at  the 
western,  though  apparently  in  the  latter  case  more  acute  than  in  the 
former.  At  the  eastern  chalk-mass  a  small  '  cave '  was  seen  high 
up  on  its  western  side  between  it  and  the  drift,  but  the  section  was 
on  the  whole  clearer  oil  the  opposite  side.  In  this  mass  the  flint 
bands  were  practically  horizontal.  Its  top,  rather  wavy  in  outline, 
was  covered  by  a  thin  irregular  bed  of  coarse  gravel,  curving  over 
its  rounded  comer.  Then  came  sand  enclosing  a  thin  bed  of 
laminated  clay,  followed  by  a  rather  thicker  one  of  bluish-grey 
clay,  and  that  by  alternating  beds  of  sand  and  clay,  the  whole  being 
rather  less  than  three  yards  in  thickness.  From  the  place  where 
the  edge  of  the  chalk-mass  plunged  steeply  downwards  a  crack 
extended  vertically  upwards  into  the  drifts.  The  beds  on  the  land 
side  of  this  were  to  a  considerable  extent  masked  by  '  wash-down,* 
but,  so  far  as  we  could  see,  were  not  cootinuous  with  those  on  the 
other  which  have  just  been  mentioned.  Gravel  was  also  seen  to 
rest  on  a  sort  of  ledge  near  the  bottom  of  the  chalk-mass,  followed 
by  a  rather  sandy  band ;  this,  by  a  thinner  one  of  brown  laminated 
loam,  and  it  by  a  slightly  thicker  bed  of  sand,  covered  by  a  clay 
*'  resembling  the  thicker  bed  of  bluish-grey  clay  seen  at  the  top." 
This  clay  *'  contained  some  pebbles  and  bits  of  chalk  besides  flint, 
but  was  not  quite  identical  with  the  usual  boulder-clay."*  There 
was  also  a  small  hollow  in  the  steep  shoulder  of  the  chalk-mass 
filled  with  ''  laminated  stufl*,  rather  messed."  As  these  beds  curved 
upwards  they  might  be  cited  to  prove  a  bending  simultaneous  with 
that  of  the  chalk.  But  unfortunately  for  this  the  lower  set  over- 
lapped one  another  and  ended  against  the  chalk,  while  the  flints 
in  the  latter  afforded  no  evidence  of  curvature,  but  apparently 
dipped  gently  towards  the  south  or  south-south-west.  The  sea- face 
of  the  mass  was  then  about  33  yards  in  length,  its  sides  being  also 
exposed  to  view.  But  on  this  occasion  a  third  mass  of  chalk,  about 
12  yards  long,  was  disclosed  about  33  yards  to  the  east  of  the  last- 
named,  on  the  top  of  which  was  the  usual  boulder-clay,  of  which 
a  few  feet  were  exposed. 

*  One  ot  us  (T.  G.  B.)  records  in  his  diary  that  this  chalk -mass  seemed  to  be 
included  in  the  boulder-clay  which  cropped  out  on  the  shore  about  four  yards  to  the 
west ;  that  it  contained  Belemnitella  mucronata,  and  that  the  flints,  though  rather 
<iiscontinuous,  seemed  to  form  a  C-Ji^*^  curve  (on  this  detail,  however,  we  were  not 
quite  Agreod).  He  records  chalk  as  exposed  to  west  and  to  east  of  the  eastern  mass, 
but  whether  connected  with  it  or  as  separate  boulders  could  not  be  determined. 

2  Two  varieties  of  boulder -clay  occur  in  the  Cromer  district,  one  of  a  bluish -^rey 
colour,  another  rather  bro^vner,  more  sandy,  more  distinctly  stratified,  and  sometimes 
less  pebbly.  West  of  Cromer  the  latter  is  the  commoner  ;  east  of  it,  on  the  whole, 
we  tnink,  the  former,  which  is  often  the  lower  in  position,  but  sometimes  the  one 
.seems  to  paiis  into  the  other,  or  even  to  replace  it. 
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Our  final  visit  was  iu  April  last,  when  we  found  that  the  aspect 

of  this  part  of  the  coast  had  heeu  greatly  altered  by  inroads  of  the 

sea.    The  western  hluff  (A)/  so  often  noticed  above,  was  now  partly 

isolated,  apparently  reduced  in  length  and  height,  and  altered  in 

shape,  for  another  mass  of  chalk  (C),  almost  separated  from  the  former 

by  a  kind  of  passage,  filled  with  the  usual  boulder-day  (B),  had  been 

disclosed  to  the  south-west,  roughly  speaking.     The  south-westeni 

flank  of  this  curved  gradually  down  to  the  beach,  as  is  well  shown 

in  the  photograph,  having  a  wedge-like  termination,  the  lower  side 

of  which  was  seen  to  rest  (D)  on  the  usual  greyish  boulder-clay. 

Still   mure    west   and  rather  south  of  this,   was  a  slab-like  ma» 

of  chalk    (E).      As   the   two   are   only   a   few   yards   apart    they 

might  have  a  hidden  connection   underneath   the   beach,   but    wv 

thought   this    improbable,    for   while   they   dipped   ou    the    whole 

towards  each  other,  they  did  not  appear  to  form  part  of  a  regulai 

syncline.     This  last  mass  of  chalk  rests  against  and  overlies  tie 

usual  boulder-day  (F).     In  the  remnant   of  the  original   westeiu 

chalk-masft  the  fiint  bauds  showed,  as  we  thought,  a  sharp  curvatuir 

in  the  lower  part  of  that  face,  and  on  its  eastern  one  curves  muri- 

like  part  of  a  qtiadraiit.     On  this  side  a  bed  of  chalky  gravel  rented 

against  the  landward  face  of  the  chalk,  and  parallel  with  the  formi-r 

was  a  distinctly  stratified  bed  in  the  boulder-clay  (that  filling  tli'- 

'tunnel').     These  bands  were  parallel  with  the  edge  of  the  chalk 

and  dipped  seawards  at  a  high  angle.     Also  they  made  an  angle  v)t 

some  oU'  with  the  tangents  to  the  curves  of  the  flint  layers  at  their 

nearest  parts.     Thus  they  can  hardly  be  cited  to  prove  a  •  ruckiu^; 

up.*     The  chalk  lintel  of  this  portal  varied  irregularly  in  thickn«rs- 

from  about  a  foot  to  .ibout  a  yard,  and  seemed  to  be  continuous,-  bu* 

we  came  to  th*^  conclusion  that  this  tunnelled  mass  of  chalk  w.i^ 

more  piobably  ft>rnied  by  two  distinct  boulders,  the  wedge-like  ed^:'. 

of  orif  resting  on  the  top  of  the  otht?r.'     The  eastern  nias>,  wliitii 

figureil  in  our  earlier  descriptions,  had  now  distippeared,  unK-ss  it 

were  repre>ented  by  little  more  than  a  streak  of  chalky  niateriil  u 

the  bas«.'  of  the  cliff,  together  with  that  which  in  19<.m)  we  saw  beyuul 

it  in  the  same  direction.* 

Abtuit  a  (jujirter  nt  a  mile  nearer  Mundesley  two  great  buuldcis  : 
chalk — respectively  ab(»ut  sixty  and  thirty  yards  long,  aiid  .vb-  ;f 
twenty  feet  high— were  exposed  in  the  clilT,  rising  from  the  >hi>i'-, 

'   S»i    ri:iTi-  XXII,.'  1.  jivihii.ti 'i:  nt  u  i»hut"L:i.ii»h,  t  ikdi  -h.»rtly    :lt.i    •;;■     i-' 
liv  Mr.  K.  T.  M:ill»t.  tiT  whiili  imuI  m  v.  r.il  nthiT"  m1  ;:ri';it  iiit«  n-t  wv  r.n  imi.  ••t-  '.  * 
his  kiTiiliu ■--.     Jiv  !]»»■  :ii<l  <>i  thi?-  <«ijr  licsi-riptinn.  vn   tni<t.  will  In-  inti-Ui.'iM-    t-    • 

-  It  u.i-  ii"t  .i'.:';<  ■■''»ii'l«  ■ 

3  Wi.il_'i-lik«  riitl-  :n.-  iii't  uiiioiuiiiMU  iu  tin  ><•  ::ir:it  ••h;ilk  )"tuKlir-. 

'  III  th<:  iioiL^lPxtuih'-iil  111  th«-r  mii-'icn,  ulicii  tht.'  title  iK-riuittttl  (whii  li  ~  inuti::  ■  - 
it  did  U'»t),  wi;  havi;  -i-i  ii  rli;ilk  mur  nin-  nin>.-i,  clav  uunr  tin-  nthi-r,  ]»ut  ii"  pn'  •!  t!..* 
thtrv  'ti'-  «.'''MtiiiUi.u-  with  tlic  ol.alk  iilatlurm.  which  uiidoubti.iUv  lies  .i  vii\  u.w  i-' 
h*;li'iw  tliiiii.  A  iiu:iii"raiiduni  -tut  u»  with  tliu  phi»toi:r:ipii  by  Mi.  Mdl-i  i- 
impoi1;int.  "  Th'  turririuinid  i-  :i  Ini^i'  iii:i'*><  nt"  liluc  till,  nii  thr  kvi.l  t"p  •■!  \\\.'w\  f 
i:;iTii»ri  w:i-  plrirrd.  It  w;i-  idmiit  :i  tO'it  ahnvi-  the  sta  !it  \  p.m.  mu  M  i\  '*  ' 
(About  :ui  null  VLiti«;d  nt  tiii-  imv^'nmnil  bus  not  K-tn  nprodiu'cd  in  tht.-  l'I:iti.  i  ■■ 
othtTwi.-f  the  -I,  d'  ni\i-l  \vav>  bo.ii  ■Uuiiiu-bi.d.) 
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he  flint  bands  in  whioh  were  nearly  horizontal.  On  the  top  of  each 
was  a  layer  of  ooarse  gravel,  followed  by  maoh  stratified  sand  with 
locasional  bands  of  olay.  The  eastern  of  these  boulders  projected 
lightly  in  advance  of  the  western  one,  and  their  ends,  so  far  as  the 
lipped  material  allowed  os  to  determine,  were  about  nine  yards 
part.^  The  clay  just  mentioned  is  not  pebbly,  but  below  high- 
rater  mark  and  perhaps  eight  feet  vertically  beneath  the  base  of 
he  cliff  typical  boulder-day  was  exposed  on  the  beach.  About 
ifty  yards  to  the  east  chalk  showed  up  beneath  this,  and  on  it,  as 
re  walked  in  that  direction,  we  saw  for  a  considerable  distance 
latches  of  boulder-day.  Evidently  ancient  denudation  has  removed 
he  Forest  Bed  and  Leda  myalis  sand  from  this  part  of  the  coast,  so 
hat  for  a  considerable  distance  the  bluish-g^rey  boulder-day  rests  on 
i  very  slightly  irregular  surfjEtoe  of  chalk. 

We  may  now  mention  one  or  two  fundamental  weaknesses  which, 
o  our  minds,  were  inherent  in  Mr.  Beid's  hypothesis  from  the  firs^ 
mt  had  apparently  escaped  his  notice.  Ete  offers  his  readers  only  one 
Itemative  to  the  action  of  an  ice-sheet  as  an  explanation  of  these 
ihalk-masses  either  at  Trimingham  or  where  they  are  admittedly 
K>ulders,  viz.  transport  by  icebergs,  and  dismisses  the  latter  on  the 
^und  that  the  sea,  supposing  it  to  have  existed,  would  have  been 
00  shallow  to  be  navigated  by  bergs  of  sufficient  thickness  to  float 
uch  huge  masses  of  rock.  We  do  not  dispute  this  objection,  but 
ore  surprised  to  find  that  he  has  not  discussed  or  even  noticed 
]k)lonel  Feilden's  observations  on  the  transporting  power  of  an 
oefoot — i.e.  of  '  rafts '  of  ice — which  were  made  in  Smith  Sound 
luring  Sir  O.  Nares'  Arctic  expedition.^  Such  rafts,  as  the  chalk- 
aasses  need  not  have  travelled  far,  would  be  much  more  probable 
vehicles  than  bergs. 

Again,  the  reader  must  remember  that  the  section  in  the  Survey 
liemoir  (p.  116)  exhibiting  the  Trimingham  mass  as  a  second  stage 
n  boulder-making  is  only  hypothetical,  as  its  author  virtually 
admits  in  the  following  sentences  (p.  115)  : — ''  If  the  ice-sheet, 
nstead  of  flowing  over  the  beds,  happens  to  plough  into  or  abut 
gainst  them,  it  would  bend  up  a  boss  of  chalk,  as  at  Beeston. 
L  more  extensive  disturbance,  like  that  at  Trimingham,  drives 
»efore  it  a  long  ridge  of  the  beds,  and  nips  up  the  chalk,  till,  like 
.  cloth  creased  by  the  sliding  of  a  heavy  book,  it  is  folded  into  an 
averted  anticlinal.  A  slight  increase  of  pressure  and  the  third 
tage  is  reached — the  top  of  the  anticlinal  being  entirely  sheared  off, 
he  chalk  boulder  driven  up  an  incline  and  forced  into  the  overlying 
K)ulder-clay8."  An  explanation  no  less  clear  than  confident,  but 
lan  any  instance  be  cited  which  affords  even  an  approach  to  a  valid 
iroof  that  either  a  large  glacier  or  an  ice-sheet  can  exercise  this 
rooting'  power  on  a  fairly  solid  rock.  Statements  such  as  that 
ust  quoted  are  no  doubt  common ;  ice  has  been  credited  with  the 
excavation  of  valleys,  fjords,  and  important  lake  basins,  but  when 

^  A  third  and  smaller  chalk-mass  was  exposed  in  the  cliff  about  twenty  yards  still 
lurther  east. 
*  Quart.  Joum.  Geol.  Soc.,  vol.  xniv  (1878),  pp.  563-56^. 
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we  examine  that  still  in  ezistenoe,  or  the  distriota  whiob  it  formerl; 
covered,  we  find  it  has  never  done  more  to  a  limestone  than  monld 
its  surface  into  mound-like  masseSi  and  has  often  preferred  to  let 
a  gravel  severely  alone.  In  the  Cromer  district,  as  at  Moen,  Bugen, 
and  the  Isle  of  Wight,  the  chalk  has  undergone  considerable  flexure, 
but  that  this  was  done  in  Glacial  times  is  nothing  but  an  bypotheeiB, 
contrary  to,  rather  than  supported  by,  such  evidence  as  can  be 
obtained.  We  have  more  than  once  examined  the  cbalk  platfom 
between  Beeston  Hill  and  Sheringham,  and  consider  those  little 
insulated  outcrops  of  that  rock,  rising  a  yard  or  two  above  the 
beach,  to  be  far  more  probably  the  indirect  result  of  pre-Olaciil, 
perhaps  long  pre- Glacial,  disturbances,  which  were  afterwards  ex- 
posed to  marine  denudation  probably  in  late  Pliocene  times.  Even 
the  case  figured  in  the  Survey  Memoir  (at  the  bottom  of  p.  115) 
is  not  in  the  least  convincing.  The  Pliocene  beds  might  have  been 
deposited  round  an  old  bank  of  chalk,  just  as  is  shown  in  the 
section,  and  the  fact  that  the  higher  of  the  flattened  arches  of  flint 
comes  to  an  end  at  the  upper  surface  is  more  consistent  with  flexure 
followed  by  denudation  than  with  the  bending  of  a  rock-mass,  whioh 
had  a  practically  level  top  and  horizontal  flint  bands.  Still  less  can 
it  be  proved  that  an  ice-sheet  has  ever  produced  by  its  thrust  an 
'inverted  anticlinal,'  even  in  a  rock  no  harder  than  ohalk,  or  is 
competent  entirely  to  shear  off  the  top  of  that  anticlinal.  AllegationB 
of  such  things  can,  no  doubt,  be  produced  by  the  dozen,  but  in  all 
of  whioh  we  know  anything  hypothesis  takes  the  place  of  proof. 
Mr.  Reid  himself  cites  one  (p.  115) :  *'  By  Continental  geologists  the 
theory  (we  should  call  it  hypothesis)  has  been  already  applied  to 
the  explanation  of  the  even  greater  disturbances  in  the  island  of 
Moan  in  Denmark."  So  it  has  been  at  Riigen,  which  also  we  have 
carefully  studied,*  with  the  result  that  we  found  it  difficult  to  treat 
the  explanation  seriously.  Did  we  admit  its  validity  we  should 
be  fully  prepared  to  attribute  the  disturbances  of  the  chalk  at  the 
Needles  or  Culver  Cliffs  to  the  thrust  of  an  ice-sheet ! 

Perhaps,  however,  the  huge  and  strangely- shaped  boulder  now 
visible  in  the  cliffs  between  East  and  West  Runton  Gaps  will  be 
cited  as  a  proof  of  the  bending  powers  of  an  ice-sheet.  Here  a  mass 
of  chalk,  which  must  once  have  been  slab-like,  after  lying  almost 
horizontally  for  some  fifty  yards  at  the  bottom  of  the  glacial 
deposits,  bends  rather  suddenly'  and  runs  rapidly  up  the  cliff  to 
within  a  short  distance  of  the  top.  It  is  capped,  as  is  not  unusual 
with  the  Cromer  erratics,  by  a  band  of  coarse  flint  gravel,  which  can 
be  seen,  at  any  rate  for  a  considerable  distance,  to  be  bent  up  with 
the  chalk.  This  mass,  we  may  be  told,  has  been  sheared  off,  thrust 
against  some  obstacle,  and  finally  bent  up  by  the  advancing  ice- 
sheet     If  so,  the  direction  of  the  axis  of  the  curve  shows  that 

*  Quart.  Journ.  Geo).  Soc,  vol.  Iv  (1899),  p.  305,  and  vol.  Ivii  (1901),  p.  1. 

^  It  takes  the  shape  of  a  fairly  open  hook,  tne  two  arms  forming  rather  less  ihao 
a  right  angle ;  the  *  horizontal '  part  of  it  slopes  slightlj  westward  ;  a  thin 
extension  of  a  rather  sandy  boulder-play  dies  out  beneath  it,  and  then  the  chalk 
probably  touches  (this  part  was  maL&\u^\>^  ^m«  talus)  the  Lfda  myo/M  sand. 
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ioe-sheet  to  have  been  ooming  from  somewhere  between  west  and 
south  rather  than  north  or  east — a  mighty  volume  of  frozen  water^ 
not  from  Scandinavia  or  Scotland,  but  from  the  mountainous  region 
whioh  environs  the  Wash  I 

We  conclude  by  recapitulating,  in  addition  to  these  more  general 
objections,  the  heads  of  the  evidence,  which,  as  shown  above,  we 
have  collected  during  our  visits,  and  find  irreconcilable  with 
Mr.  Beid's  hypothesis : — 

(1)  The  bending  of  the  chalk,  as  shown  by  the  flint  bands,  is 
very  variable  (notably  at  Trimingham  headland),  and  not  seldom 
practically  disappears,  affording  no  evidence  of  regularity  of 
distribution. 

(2)  The  chalk  in  immediate  association  with  the  glacial  drift 
does  not  occur,  even  at  Trimingham,  as  a  continuous  mass,  but  in 
separate  fragments. 

(3)  The  bedding  of  the  drift,  where  in  contact  with  the  chalk,  is 
generally  almost,  if  not  quite,  horizontal ;  at  any  rate,  it  shows  that 
this  lower  part  cannot  have  been  crushed  up  with  the  chalk. 

(4)  But  above  these  horizontal  beds  others  may  occur  which  are 
contorted,  and  sometimes  to  an  extraordinary  extent  Thus  their 
flexures  must  be  due  to  some  other  cause  than  that  which  Mr.  Reid 
invokes  to  produce  the  bending  and  uprooting  of  the  chalk  and 
immediately  adjacent  drift ;  for  if  a  second  advance  of  the  ice-sheet 
be  postulated  in  explanation  of  these,  it  wets  content,  on  the  second 
occasion,  to  leave  the  drift  below  it  undisturbed. 

(5)  Lastly,  chalk-masses  occur  east  and  west  of  Trimingham 
headland,  insulated,  like  great  erratics,  in  the  drift  without  any 
appearance  of  crumpling  up,  so  those  at  that  place  do  not  demand 
a  special  explanation. 

Thus  Time,  as  we  venture  to  maintain,  has  delivered  its  verdict 
against  an  hypothetical  interpretation  of  these  Trimingham  masses, 
which  in  our  opinion  ought  not  to  have  found  a  place  in  a  Survey 
memoir.  They  are  simply  huge  boulders,  like  the  other  chalk 
masses  east  and  west  of  Cromer.  We  have,  of  course,  adopted  for 
our  own  use  an  explanation  of  these  and  of  the  extraordinary 
contortions  of  the  drift ;  but  as  we  do  not  yet  exalt  it  from  hypothesis 
to  theory,  and  as  the  purpose  of  this  paper  is  destructive  rather  than 
oonstructive,  we  think  that  any  definite  statement  of  it  would  be 
unnecessary. 

ni. — NOTBS   ON   SOMB  BOOES   FBOM  NeW   ZbALAND. 
By  K.  H.  Kastall,  B.A.,  F.G.S.,  Chriars  Coll6ge,  Cambridge. 

THE  specimens  on  which  the  following  notes  are  based  were 
collected  by  Mr.  H.  T.  Ferrar,  M.A.,  F.G.8.,  while  on  a  tour 
through  New  Zealand,  during  the  time  the  **  Discovery  "  was  being 
overhauled  in  Lyttelton,  on  her  return  from  the  Antarctic.  The 
topographical  and  field  notes  were  also  supplied  by  Mr.  Ferrar,  and 
4t  must  be  clearly  understood  that  only  the  detailed  petrographical 
descriptions  are  the  work  of  the  present  writer. 
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The  specimens  were  obtained  near  the  middle  of  the  North  Island 
of  New  Zealand,  and  in  the  area  marked  '*  aoidio  voloanio  rocks  "  in 
Sir  James  Hector's  geological  map  of  New  Zealand,  published  in 
1883.  They  all  occur  in  the  Taupo  zone,  the  hot-lake  district  which 
lies  roughly  between  Lake  Taupo  on  the  south  and  Lake  Botorua 
on  the  north. 

The  following  descriptions  are  written  from  thin  slices  out  from 
Mr.  Ferrar's  specimens,  which  were  necessarily  small,  owing  to 
difBiculties  of  transport  The  numbering  adopted  is  purely  arbitrary, 
and  has  no  reference  to  sequence  or  supposed  relative  age. 

1.  Waiora  Valley. 

The  Waiora  Valley  commences  in  a  crater-like  depression  the 
walls  of  which  consist  of  rock  No.  61.  This  depression  is  about 
half  a  mile  in  diameter,  and  the  walls  rise  in  places  to  a  height  of 
300  feet  In  the  centre  of  the  depression  there  are  abundant 
fumaroles,  which  deposit  sulphur;  also  pools  of  boiling  muddy 
water  and  steam  vents ;  these  are  causing  rapid  disintegration  of 
the  surrounding  rocks. 

No.  61.  Waiora  Valley,  Wairaki.  This  is  a  dark  bluish-grey 
and  rather  vesicular  rock  with  distinct  porphyritio  structure.  The 
conspicuous  porphyritio  elements  are  a  plagioclase  felspar  and 
prisms  of  pyroxene  in  a  fine-textured  groundmass. 

The  felspar  crystals  are  prismatic  or  tabular  in  form  and  about 
4  mm.  in  length.  They  are  sometimes  slightly  rounded  and  show 
zones  of  glass  inclusions.  Zonary  banding  and  twinning  on  the 
albite  law  are  conspicuous,  and  the  extinction  angles  measured  on 
the  twin  lamellae  are  as  high  as  30^  in  the  interior  of  the  crystals, 
and  nearly  0*^  in  the  outer  zones,  so  that  the  felspar  ranges  from 
labradorite  to  oligoclase.  On  the  average  it  is  of  an  intermediate 
composition.  The  pyroxenes  include  both  colourless  augite  and  pale 
brown  hypersthene  with  slight  pleoohroism.  The  augite  is  the  more 
abundant.  The  groundmass  consists  of  a  felted  aggregate  of  small 
irregular  prisms  of  felspar,  with  a  little  interstitial  glass,  the  typical 
hyalopilitio  structure  of  Rosenbusch.  It  also  contains  very  numerous 
minute  cubes  of  magnetite. 

This  rook  is  therefore  a  very  typical  hypersthene-augite-andesite. 

2.  Araiiaiia  Bapida. 

On  the  Waikato  River  a  series  of  volcanic  rocks  crop  out  through 
the  covering  of  pumice  fragments  which  cloaks  the  land.  They 
strike  approximately  east  and  west,  and  the  dip  is  about  60^  to  the 
south.  The  river  crosses  the  strike  perpendicularly,  and  has  cut 
a  narrow  gorge  with  sides  some  200  feet  high.  The  series  is  over 
1,000  feet  thick,  and  the  specimens  were  collected  from  the  harder 
bands,  which  are  usually  each  about  100  feet  thick.  The  foot  of  the 
rapids  seems  to  be  also  the  base  of  the  series,  and  the  specimens  are 
described  in  ascending  order. 

Nos.  64  8md  62  are  patt^  oi  tlie  aame  mass  of  rock  near  the  north 
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and  lower  side  of  the  rapids.  No.  63  was  obtained  near  the  middle 
of  the  rapids  and  about  a  quarter  of  a  mile  above  No.  62.  No.  65  is 
abont  a  quarter  of  a  mile  higher  up,  and  No.  66  i«  again  about  the 
same  distance  above  No.  65.  No.  67  was  taken  from  an  exposure 
on  the  roadside  above  the  rapids  and  about  a  mile  sooth  of  No.  62. 

No.  64.  A  very  vesicular  rook  with  a  few  porphyritic  crystals  set 
in  a  groundmass  of  reddish  and  yellowish  glass,  showing  remarkably 
fine  flow-structure. 

The  phenoorysts  are  chiefly  a  slightly  zoned  plagioclase  with 
a  narrow  extinction  near  to  oligoclase;  but  there  are  also  one  or 
two  crystals  of  a  remarkable  and  interesting  femic  mineral.  This 
occurs  in  the  eight-sided  prisms  characteristic  of  the  pyroxenes,  but 
its  cleavages  are  unfortunately  very  indistinct.  In  colour  it  is 
a  rather  deep  reddish-brown  and  distinctly  pleochroic ;  each  crvstal 
has  a  border  of  a  much  deeper  colour.  The  extinction  angle  is 
high,  op  to  40^.  More  material  is  required  before  the  mineral  can 
be  identified  with  certainty,  but  it  appears  to  be  a  monoclinio 
pyroxene,  very  rich  in  iron,  and  may  possibly  be  the  dimorphous 
form  corresponding  to  the  rhombic  ferriferous  pyroxene  amblystegite. 
The  deep  red  border  may  be  only  a  separation  of  ferric  oxide,  but  its 
appearance  strongly  recalls  that  of  the  peculiar  soda-iron-amphibole, 
cossyrite,  in  the  Pantellarites.  The  border  is  narrow  and  too  opaque 
for  its  optical  properties  to  be  determinable. 

The  bulk  of  the  rook  consists  of  a  very  vesicular  glass,  varying 
from  colourless  to  yellow  or  pale  reddish-brown,  and.  showing  very 
fine  flow-structures.  This  encloses  a  good  many  minute  prisms  of 
felspar.  Occasional  roundish  patches  of  minute  felspar  prisms  seem 
to  be  due  to  devitrification.  A  good  deal  of  the  glass  shows 
a  fragmentary  appearance  suggesting  the  inclusion  of  lamps  of 
glassy  tuff  in  a  lava  while  in  motion. 

No.  62  is  a  pink  rock  very  similar  to  the  last,  but  in  addition 
to  the  peculiar  mineral  described  above  it  shows  several  well- 
developed  prisms  of  a  brownish  pyroxene,  with  a  dark  border, 
strong  pleochroism,  and  straight  extinction,  which  may  be  identified 
as  amblystegite.  These  two  rocks  most  be  regarded  as  mixtures  of 
lava  and  tuff  of  very  similar  composition,  probably  indicating  a  rain 
of  fragments  into  a  lava-flow  while  still  fluid. 

No.  63.  A  markedly  spherulitio  rock  with  a  few  phenoorysts  of 
a  zoned  plagioclase  felspar;  coloured  minerals  are  absent,  except 
for  a  few  grains  of  magnetite.  The  spherulites  may  be  as  much  as 
S  mm.  in  diameter,  and  consist  of  long  regular  radiating  prisms  of 
felspar,  giving  a  good  black  cross.  They  seem  to  be  due  to 
devitrification,  since  flow-structures,  indicated  by  lines  of  crystallites, 
pass  through  them.  This  rock  also  contains  rounded  lumps  of  glass 
of  slightly  different  structure. 

No.  65  is  practically  identical  with  the  last,  the  only  differences 
being  that  flow-structure  is  more  pronounced  and  the  spherulites  ai;p 
larger,  up  to  5  mm.  in  diameter. 

In  No.  66  spherulitio  and  perlitic  structures  are  both  very  strongly 
marked,  and  perlitic  cracks  pass  through  the  spherulites. 
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No.  67  is  a  grey,  markedly  porphyritie  rock  with  large  pheno- 
crysts  of  plagioolase  felspars  and  a  little  femic  material  in  a  fine- 
textured  groundmass.  The  felspar  is  of  the  usual  zoned  type,  and 
ranges  from  andesine  to  oligoclase.  The  oolonred  minerals  inclode 
both  oblique  and  rhombic  pyroxenes,  but  the  latter  is  dominant;  it 
is  very  pale  brown  and  slightly  pleochroio,  so  that  it  must  be  classed 
as  hypersthene. 

The  groundmass  may  on  the  whole  be  described  as  of  the 
hyalopilitio  type,  but  the  prisms  are  not  so  well  defined  as  usiuJr 
and  there  is  a  good  deal  of  glass.  This  rock  is  a  hypersthene-augite- 
andesite,  and  strongly  resembles  the  specimen  from  the  Waiora 
Valley,  No.  61. 

3.  Huka  Falls f  near  Taupo  Lake, 

This  rock  has  horizontal  joints,  and  gives  rise  to  a  waterfall  some 
160  feet  high.  Its  connection  with  the  other  rocks  of  the  district  is- 
obscured  by  the  post-Tertiary  *  cloak  of  pumiceous  d6bri8. 

This  is  another  glassy  rock,  with  rather  abandant  broken 
plagioolase  crystals  and  some  quartz  in  a  groundmass  of  fragments 
of  vesicular  glass,  showing  good  flow-structures.  Coloured  minerals 
are  very  rare.  It  is  probably  more  acid  than  those  described  above, 
and  may  be  regarded  as  a  rhyolite  tuff. 

4.  Tarawera, 

No.  69  was  obtained  in  a  roadside  cutting  near  the  buried  village 
at  the  west  end  of  Lake  Tarawera,  and  is  said  to  have  been  ejected 
during  the  great  eruption  of  1886. 

It  is  composed  of  fragments  of  glass,  with  very  fine  flow- 
structures  and  perlitic  cracks,  and  the  usual  plagioolase  crj'stals  are 
often  broken.  There  are  also  several  well  -  formed  crystals  of 
a  mineral  with  the  characters  of  a  pyroxene,  pale  brown  and 
slightly  pleochroic,  with  an  extinction  angle  as  high  as  45°  (of. 
Nos.  62  and  64).     The  structure  of  the  rock  is  clearly  pyroclastic. 

Conduaton, 

Owing  to  the  small  amount  of  material  at  my  disposal  it  is  not 
possible  to  draw  any  very  definite  conclusions  as  to  the  character  of 
these  rocks.  On  the  whole  there  is  a  considerable  famil}-  likeness 
between  the  different  types,  and  they  seem  to  form  a  series  of 
pyroxene  andesites  and  rather  basic  pitchstones.  The  rock  from 
Huka  Falls  is  more  acid  and  probably  of  rhyolitic  composition.  Iq 
many  cases  it  is  possible  to  distinguish  a  more  or  less  distinct 
fragmental  structure,  and  some  are  tuffs,  or  at  any  rate  a  mixture  of 
lava  and  tuff". 

The  general  mineralogical  composition  suggests  that  they  belong 
to  the  subalkaline  family,  and  they  contain  pyroxenes  of  a  rather 
unusual  type. 

^  See  Hector's  map. 
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IV. — ^Tri  Bsokmt  Geolooioal  Histobt  of  thx  Baltic.    Part  III : 
Thx  Webtk&n  pabt  of  TBI  Ska,  thx  Sound,  and  thx  Belts. 

By  Sir  H.  H.  Howorth,  F.R.8.,  F.G.S. 

IN  two  previoas  papers  I  have  set  out  the  oonolusions  generally 
held  by  Northern  geologbts  in  regard  to  the  more  reoent 
history  of  the  Eastern  Baltic,  according  to  which  it  was  once  a  great 
enclosed  fresh-water  lake  or  sea,  the  AncyluB  lake,  which  by  the 
breach  in  the  land-bridge  connecting  Skane  and  Denmark  was 
conyerted  into  a  brackish-water  sea,  the  Liiorina  sea,  which  has  in 
turn  become  less  and  less  saline  until  it  has  reached  its  present 
condition. 

In  the  second  of  these  papers  I  quoted  a  number  of  facts  proving 
the  breach  just  mentioned.  Before  I  turn  to  another  chapter  of  the 
interesting  history,  I  propose  to  add  to  these  facts,  and  to  show  more 
conclusively  that  die  whole  coast  of  the  Southern  Baltic  is  an  area 
of  depression  where  evidences  of  the  subsidence  of  the  land  in  recent 
times  are  general  and  consistent,  and  where,  so  far  as  we  know,  this 
subsidence  while  in  progress  was  not  qualified  by  any  partial  or 
intermittent  upheaval.  I  shall  quote  some  additional  facts  in  this 
behalf  from  Hahn's  memoir  entitled  '' Untersuchungen  ueber  das 
Aufsteigen  und  Sinken  der  Eiisten"  (Leipzig,  1879).  He  first 
quotes  the  observations  of  Berendt  that  in  the  delta  of  the  Niemen 
Uie  land  has  sunk  so  much  and  become  so  marshy  that  where,  as  is 
attested  by  Church-records,  as  late  as  1576  forests  of  oak  grew,  no 
such  trees  will  now  grow  because  of  the  wet  nature  of  the 
ground.  He  also  quotes  numerous  cases  of  sunken  peat  bogs, 
attesting  the  same  fact.  Thus,  west  of  Labiau  there  are  found  at 
a  depth  of  3-1  metres  remains  of  a  submarine  forest  with  pieces  of 
coal  among  the  trees,  and  near  Schwarzort  in  the  Eurische-Nehrung 
at  a  depth  of  6*2  metres  have  been  found  ornaments  of  amber,  showing 
that  a  considerable  subsidence  heis  taken  place  in  the  human  period. 

An  old  stone  sea-wall  at  Fielenhof  on  the  so-called  Windenburger 
£cke,  which  is  not  more  than  110  to  115  years  old  and  which  was 
erected  to  protect  a  garden  against  the  sea,  is  now  overflowed. 
A  lawsuit  between  the  fiscal  authorities  and  the  inhabitants  has 
shown  that  some  islands  covered  with  reeds  and  rushes  in  the  haven 
were  not  long  ago  parts  of  the  mainland,  and  were  not  detached  by 
a  gradual  process  of  eating  away,  but  by  a  rapid  overwhelming  by 
the  water. 

In  the  Eurische-haff  the  water  ha8  so  encroached  that  the  distance 
between  it  and  the  so-called  '  Orossen  Friedriohsgraben '  has  greatly 
diminished.  The  foundations  of  the  old  Eurhaus  of  Cranz  are  now 
under  the  sea,  and  the  land  there  is  said  to  lose  1*89  metres  a  year — 
this,  be  it  remarked,  in  an  enclosed  bay  where  there  is  no  tide. 
Bugen  and  the  small  islands  round  it  have  become  considerably 
smaller  in  late  years. 

Submerged  forests  occur  along  the  coast  of  Pomerania,  near 
Eoslin,  between  Rator  and  Lieps,  in  Rugen  at  Lindenhaken,  and 
the  Lobber  Schaar  (the  Monks  estate).    The  Mecklenburg  coast,  as  far 
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as  Wismar  and  beyond,  is  broken  by  a  number  of  inlets,  apparently 
dae  to  subsidence.  At  Travemiinde  are  two  great  blootka  of  stone 
which  are  now  in  the  water,  but  which  the  sea  had  not  reached  at 
the  end  of  the  eighteenth  century.  At  Heiligenhaf  and  the  island 
of  Fehmam  we  again  meet  with  submerged  forests,  and  at  the 
eastern  outlet  of  the  Fehmam  Sound  are  remains  of  an  ancient  walL 
The  whole  coast  of  Schleswig-Holstein  bears  similar  traces,  tsiar 
alia  the  worn  island  of  Werder,  near  Heiligenhaf.  The  former 
perch  -  frequenting  inland  lake  on  the  coast  at  Probstei  is  no 
longer  a  lake,  but  an  arm  of  the  sea.  The  ancient  hunting 
lodge  of  Bramhorst  on  the  same  coast  has  disappeared,  while 
the  trunks  of  the  trees  in  the  wood  which  once  surrounded  it  are 
now  submerged  as  far  out  as  five  hundred  paoes  from  the  shore. 
The  castle  of  Altbulk  on  the  north  side  of  the  harbour  of  Kiel  did 
not  when  it  was  built  stand  as  it  does  now,  on  the  edge  of  the  water. 
The  Wurdebye  Noer,  near  Eokenforde,  has  all  the  appearance  of 
having  formerly  been  a  lake.  It  is  now  an  arm  of  the  sea. 
According  to  Y.  Maack  the  remains  of  the  Schleimunder  Burg  at 
the  mouth  of  the  Schlei  are  now  under  water.  The  island  of  Oehe, 
north  of  the  mouth  of  the  Schlei,  was  formerly  a  peninsula,  and  the 
peninsula  of  Maasholm  on  the  south  side  of  the  same  is  rapidly 
becoming  an  island.  Y.  Maack  calls  attention  to  the  haven  of 
Dywig  or  Ducwig  on  the  north-west  coast  of  Alsen  (near  Norbnrg), 
which  was  once  a  lake.  The  Slipsee  and  the  Bankeldam,  between 
Apenrade  and  Hadersleben,  are  examples  of  the  same  kind,  as  is  the 
inlet  of  Heilsmunde  on  the  Danish  frontier  (op.  cit,  pp.  162-165). 

Orsted,  in  his  monograph  on  the  fauna  of  the  Sound,  to  he 
presently  referred  to,  speaks  of  submergences  having  taken  place 
at  Yedbook,  between  Sletten  and  Humleboek,  and  at  Sledkersteen, 
both  on  the  coast  of  Zealand,  attested  by  the  reports  of  fishermen 
who  had  noticed  trunks  of  trees  with  their  roots  in  the  ground  in 
the  sea  far  from  the  shore  (op.  cit.,  p.  18). 

K.  Rordam,  in  his  memoir  entitled  "Salt  vandsalluviet  i  det 
nordostlige  Sjaelland,"  has  shown  in  a  map  the  large  area  which 
was  depressed  in  that  part  of  Denmark  in  recent  times,  especially 
in  so  far  as  the  depression  affected  its  great  fiords,  notably  the  Isefiord 
and  the  Roskildefiord,  and  the  two  once  submerged  bogs  known  as 
the  Store  and  Lille  Torvegrund,  south  of  Frederiksvaerk ;  and  he 
mentions  how  in  the  Sound  at  Charlottenlund,  opposite  the 
restaurant  of  Constantia,  there  is  a  submarine  turbary  two  metres 
under  the  water. 

He  also  describes  several  peat  bogs  now  above  sea-level,  bat 
underlying  beds  of  the  Litonna  time,  on  the  coast  of  Zealand,  as 
proving  the  same  fact.  Thus,  in  a  turf  bed  a  quarter  of  a  mile  north 
of  Skuldelev,  called  Mosejord,  there  is  a  bed  of  clay  2*5  feet  thick, 
containing  Cardium  edule  and  Naaaa  reticulata,  overlying  one  of  turf 
with  remains  of  oak,  birch,  juniper-berries,  and  fruit  of  the  buck 
bean.  Another  peat  bog  at  Herslev  shows  a  bed  of  meadow-soil 
covering  marl,  without  shells,  then  a  layer  with  many  beach  shells, 
lastly  a  bed  of  the  same  kind  of  turf  as  that  at  Skuldelev. 
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At  Nivaafiord,  the  innermost  part  of  Esromfiord,  the  fiord  of 
Raageleje,  the  Bamlosifiord,  and  the  Norremose,  near  Eregome, 
and  in  many  spots  in  the  old  fiords  of  Skuldelev  and  Selso,  similar 
phenomena  have  heen  forthcoming  as  the  result  of  excavations  and 
borings.  Thus,  at  Hovenge,  2,800  feet  south-east  of  Brandhjerggaard 
in  Selso  Sogn,  Y.  Mad  sen  reports  a  section  consisting,  in  descending 
order,  of  mould,  turf,  fresh-water  loams  with  fresh-water  shells, 
and  then  a  bed  with  salt-water  fauna,  comprising  Tapes  aureus, 
T.  pullastra,  Cardium  exiguum,  and  Bissoa  ineonspicua,  also  con- 
taining leaves  of  oak,  willow,  and  hazel-nuts,  then  gravel,  then 
Inrf  again. 

At  Hovenge,  1,200  feet  south-west  of  St.  Olaf s  Church  in  Selsd 
fiogn,  a  Cards'tim  mud  with  many  salt-water  mollusca  overlies  peat 
with  remnants  of  the  fir-tree.  Eight  hundred  feet  north-east  of 
Buskhjerg  in  Skuldelev  Sogn  is  a  deposit  of  mould  overlying 
Cardium  mud  with  Ostrea  edulis,  Serohicularia  piperata,  CeriMum 
^retieulatunif  Bissoa  memhranacea,  lAtorina  rudis,  L,  obtusata,  which 
again  overlies  turf  with  remnants  of  the  fir.  Eighteen  hundred 
feet  east  of  Ostby  in  Selso  Sogn  is  a  sandy  turf,  then  marine  sand 
underlaid  by  clayey  sand,  and  this  by  Cardium  mud  with  Nassa 
reticulata,  Zitorina  litorea,  rudis  var.  tenehrosa,  and  Serohicularia 
piperaia,  and  this  again  by  a  great  peat  bog  with  Corylus  avellana 
and  Betuia  odorata  (op.  cit.,  pp.  126-128). 

As  evidences  of  the  former  sinking  of  the  land  in  North  Jutland, 
which  was  then  followed  by  a  rise,  are  the  two  so-called  wild 
moors.  The  smaller  one  is  south  of  the  eastern  outlet  of  the  Lim 
Fiord  and  the  larger  one  north  of  Aalborg.  The  springs  in  the 
neighbourhood  of  the  latter  were  in  Forchhammer's  time  still 
brackish  or  saline. 

When  we  cross  over  into  Skiine  similar  evidences  of  beds  of 
recent  marine  shells,  now  several  feet  above  high-water  mark  and 
lying  upon  beds  of  a  subsdrial  type  consisting  of  turf  with  fresh- 
water and  land  shells,  abound.  1  refeVred  in  ray  previous  paper  to 
the  notorious  instance  of  the  so-called  Jara  wall,  in  which  this 
phenomenon  is  conspicuous. 

Again,  about  a  mile  south  of  Helsingborg  there  is  a  bed  500  feet 
broad  lying  along  the  coast,  and  bounded  on  the  land  side  by  a  steep 
«lope  of  from  30  to  40  feet  high.  This  steep  slope  is  formed  of  fine 
limey  laminated  sand,  arranged  horizontally  and  nearly  a  foot  in 
depth,  which  is  overlaid  by  a  definite  layer  of  grey  clay.  A  few 
«hell  fragments  have  been  found  in  the  clay. 

The  bed  which  lies  between  this  slope  and  the  sea  is  formed  of 
several  layers,  the  uppermost  of  which,  3-3-5  feet  in  depth,  is  formed 
of  sandy  gravel  which  the  Swedes  call  *  strandgrus.'  The  gravel 
consists  partly  of  angular  and  partly  of  rolled  dissimilar  rocks, 
among  which  are  a  large  number  made  up  of  chalk  and  flint,  together 
with  frequent  whole  and  broken  shells  of  Cardium  and  Mytilus. 
This  can  be  no  other  than  the  representative  of  the  Litorina  beds, 
and  below  it  we  find  in  due  position  the  representative  of  a  subssrial 
bed  of  turf.    Next  we  have  a  bed  1-5  feet  thick  of  yellow-^t^^  l(^<^\!^ 
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containing  abundant  fresh -water  shells,  among  which  the  following 
have  been  collected  :  Planorhts  complantUuB,  Byihinia  ientaculcUa, 
Limnaa  Ztmosa,  Z.  ovata'tiormaliaj  Valvata  eristatay  F.  piscinalia,  and 
an  Anodonta,  Below  this,  again,  is  a  bed  of  turf  a  foot  thick, 
containing  partly  branches  and  partly  stumps  of  oak-trees  (Erdmann, 
Geol.  For.  i  Stock.  Forh.,  i,  p.  93,  etc.). 

Erdmann,  in  the  second  volume  of  the  G^l.  For.  i  Stock.  Forh., 
gives  several  other  instances  of  beds  in  the  neighbourhood  of  Malmo^ 
and  Lund,  notably  at  Hildesborg  (a  mile  from  Landskrona),  at 
Bjerred  (a  mile  west  of  Lund),  and  at  Barseback  (1^  miles  south- 
east of  Landskrona),  where  in  sections,  several  feet  thick,  layers  of 
marine  sand  and  gravel  occur,  containing  fragments  of  dwarfed  forms 
of  Cardium  and  Mya  with  thin  shells,  and  lying  on  terrestrial  deposits 
several  feet  above  the  present  Sound  (vide  op.  cit,  vol.  ii,  pp.  97, 98, 
etc.,  etc.),  all  concurring  to  the  same  conclusion  —  that  a  recent 
submergence  along  all  this  coast  has  been  followed  by  a  recent 
upheaval. 

Another  remarkable  evidence  of  the  submergence  we  are  dis- 
cussing is  afforded  by  the  Zealand  river  Nivaa,  now  a  small  stream, 
but  whose  former  course,  says  Rordam,  can  be  traced  at  least  for 
a  distance  of  3  kilometres  beyond  the  borders  of  the  Sound,  which 
shows  that  here  the  ground  had  sunk  to  the  extent  at  least  of 
8  metres,  while  on  the  opposite  side  of  the  Sound  De  G^r  calculated 
that  it  had  once  sunk  15*5  metres  (Rordam,  op.  cit.,  p.  131). 

It  is  perfectly  plain  from  this  unanimous  and  most  consistent 
geological  testimony  that  there  has  been  a  great  and  notable  and 
recent  breakdown  and  submergence  in  various  parts  of  the  area  now 
occupied  by  the  Danish  archipelago,  where  it  is  claimed  the  land- 
bridge  recently  existed  which  cut  off  the  connection  of  the  North 
Sea  with  the  Baltic. 

The  breach  in  this  connection,  as  we  have  seen,  greatly  affected 
the  hydrographical  character  of  the  Eastern  Baltic,  and  especially 
affected  its  molluscan  and  other  fauna  by  converting  what  was 
previously  a  fresh-water  lake  into  a  brackish  sea.  In  pursuing  this 
induction  in  the  previous  papers,  I  limited  my  examination  of  the 
lessons  taught  by  the  Baltic  fauna  to  those  presented  by  its  eastern 
section  and  to  that  portion  of  the  sea  lying  to  the  east  of  the 
longitude  of  the  island  of  Bornholm.  I  now  propose  to  examine 
in  some  detail  the  fauna  of  the  Western  Baltic  and  its  three  great 
waterways,  and  to  collect  some  scattered  facts  which  may  be  useful 
to  others  besides  geologists,  and  which  greatly  strengthen  the  case, 
especially  on  its  chronological  side. 

I  propose  to  begin  with  a  conspectus  or  general  balance-sheet  of 
the  living  molluscan  life  in  the  Southern  Baltic,  and  to  show  it^s 
accretion  as  we  move  westwards.  According  to  Middendorf  (Bull, 
phys.  Math.  St.  Petersb.,  1850,  viii,  p.  65)  and  A.  Henscbe 
(Schrift.  Phys.  Oec.  Gesch.  Konigsberg,  1861,  p.  90),  there  are 
only  six  marine  shells  in  the  eastern  section  of  the  Baltic :  Hydrohia 
halthica  (Rissoa  ulva  ?),  Nerittna  fluviatiliSf  Mytilus  eduliSf  Mya 
arenaria^    Tellina   soh'duJa,  and   Cardium  eduU,     Of  other   marine 
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invertebrates    from   thenoe  we   ako   have    Medusa  aurita,  Oyanea 
capiUaia,  Oammanu,  and  Idotea  erUoman, 

Let  TLB  now  move  westward.  A  good  test  of  the  poverty  of  the 
Baltic  in  marine  life  in  the  longitude  of  Boraholm  is  adSbrded  by  the 
following  list  of  the  result  of  a  fortnight's  careful  dredging  on  both 
the  east  and  west  of  the  island  by  a  collector  employed  by  Meyer 
named  George  Holm,  in  1863,  and  containing  a  list  of  all  animal 
forms,  living  or  dead,  he  came  across  while  dredging,  except  fishes 
and  Protozoa.    (See  Mey.  &  Mob.,  *'  Fauna  der  Kieler  Bucht,"  i,  xx.) 

Suceinea  obhnga.  Planaria  torva. 

NeritifMjiuviiUilis.  Lendroemlum  lacteum, 

Riuoa  ulvae.  Palamon  tquilla. 

Pontolifnax  eapitattis.  Ch-angofi  vulgaris. 

Litcrina  litorea.  Mj/tis  Jlexuosa. 

Jfytilut  tdulig,  OammarM  loeutta. 

Cardium  ethUe.  Idotea  trieutpidata. 

TUlina  aolidula.  Spharoma  sp. 

Sarcoehitum  polyoum,  Jtsra  sp. 

ISseieola  sp.  LarvsD  of  Phryganea,  and  three 
Nereii  diveraieolor.  different  kinds  of  IHptera. 

i^rorbia  nautilaidei. 

The  shells  reported  from  the  sea  between  Moen,  Stevns,  the  south 
coast  of  Skane,  Bomholm,  and  Rugen  are  : — 

Utriculua  obtusut.  Macoma  (Tellina)  calcarea. 

Hydrohia  ulva.  M.  balthica. 

Litorina  ntdU.  Cardium  exiguum  (var.). 

AttarU  borealit  (?  elliptica).  C.  edule. 

A,  eompret$a.  Mytilus  edulis. 

My  a  arenaria. 

(Petersen,  /'  Om  de  Skalbarende  MoUusken  udbredningsfolhold 
i  de  Danske  haven,  etc.,"  p.  42.) 

According  to  Munthe,  the  two  species  of  Aatarte  from  this  part  of 
the  Baltic,  which  he  identifies  as  A.  borealis  and  A.  elliptica,  are  of 
diminutive  growth,  and  live  there  therefore  under  unfavourable 
conditions.  There  cannot  be  any  doubt,  he  adds,  that  they  migrated 
to  the  Baltic  after  the  Ancyltis  time  (Bull.  Geol.  Inst.  Ups.,  ii, 
pp.  14,  15).  Litorina  litorea,  according  to  Munthe,  also  occurs  in 
the  Rugen  waters,  while  Scrobieularia  piperata  and  alba  are  reported 
from  the  mainland  opposite  Rugen  at  Greifswald.  E.  Brandt  says 
that  to  the  east  of  Rugen  there  are  no  sponges  or  Tunicates,  only 
one  Bryozoan,  namely,  Membranipora  pilosa  (var.  membranacea) , 
and  one  Cirripede,  i.e.  Balanus  improviaus. 

The  straits  between  Gjedserode,  in  the  island  of  Falster,  and 
Darsserort,  on  the  mainland  of  Mecklenburg,  seem  to  form  a  con- 
siderable barrier  to  the  eastern  migration  of  submarine  forms,  and 
west  of  the  straits  the  life  becomes  decidedly  richer. 

In  1889  Dr.  Max  Braun  published  a  paper  on  the  fauna,  except 
the  Polyzoa,  of  Wismar  harbour  in  the  Archiv  Nat.  Hist.  Soc. 
Mecklenburg.  In  this  he  gives,  inter  alia,  a  list  of  the  mollusca 
which  had  been  found  there,  as  follows  : — 
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Mytilui  edulis, 
Modiolaria  dueors, 
Cardium  edule, 
C.  exiffuum, 
C,  fateiatum. 


Litorina  litorea. 
L.  obtusata, 
Z.  rudiM. 

Lacuna  divarieata. 
Z.  pallidula. 
Rmoa  oetona. 


Laxbllibbanchiata. 

Aitarte  borealit. 
TeUina  balthica. 
Serobieularia  pipwata. 
Mya  armaria, 

Opisthob&amchia. 
0donto8toma  rittoidet. 

Pbosobbakchiata. 

Riuoa  membranacea, 
JR.  cornea. 
JR,  parva. 
Hydrobia  ventrota, 
Neritinajluviatilit, 


A  much  richer  fauna  occurs  on  the  western  seaboard  of  Mecklen- 
burg. Thus,  Dr.  Heinrich  Lenz  contributed  a  memoir  on  the 
mollusca  of  the  Travemiinde  or  Lubeck  Sound,  to  the  great  col- 
lection  of  materials  published  by  the  Commission  of  the  Qerman 
GovemmeDt  on  the  Baltic,  from  which  I  take  the  following  list  of 
molluscs  (op.  cit.,  iv,  p.  170) : — 


Mytilus  edulis. 
Modiolaria  dieeore, 
Montacuta  bidentata, 
Cardium  edule. 
C.  faseiatum. 
Astarte  borealis. 
A.  sulcata. 
Cyprina  islandica. 
Tellina  balthica. 
Serobieularia  piperata, 
S.  alba. 

Solen  pelUtcidue. 
Corbula  gibba. 
Mya  armaria. 
Sazicava  rugosa. 
Fholas  Candida, 
Teredo  navalis. 
^olis  Drummondi. 
jiC.  rufobranchialie. 
Folycera  ocellata. 
Doris  pilosa. 


Doris  proxima. 
D,  murieata, 
Utricultts  obtusus. 
U.  truncatulus, 
Odostomia  rissoidet. 
Litorina  Ittorea, 
L.  obtusala, 
L.  rudis. 

Lacuna  divarieata. 
L.  pallidula. 
Rxssoa  inconspicua. 
Ji.  membranacea. 
R.  oetona. 
Hydrobia  ulva, 
H.  ventrosa, 
Cerithium  rcticulatum. 
Biiccinum  undatum. 
Nassa  reticulata. 
Ftisus  antiquus, 
Neritinajluviatilis, 
Loligo  breviceps. 


Braun  makes  a  general  comparison  between  the  marine  fauna  of 
AVisniar  and  of  the  Lubeck  inlet,  which  is  interesting  as  showing 
how  local  conditions  determine  problems  of  distribution,  even  under 
such  similar  surroundings.  Thus,  he  says,  31  species  of  marine 
animals  occur  at  Wismar  which  are  not  found  in  the  Lubeck  gulf, 
namely :  Podocoryne  carneaj  Sagitta  germanicaf  all  the  Rotatoria, 
Polynoe  squamata,  Valkerta  cuscutaf  Diaa  discaudatus  and  seven  other 
Copepods,  Podon  minutus,  three  Ostracods,  three  forms  of  Amphi« 
pods ;  and  among  the  molluscs,  Cardium  exiguum,  OdoniosUma 
rissoideSf  Bissoa  cornea  and  parva ;  and  lastly,  Oikopleura  JlaheUum. 
These  are  chiefly  small  pelagic  forms,  some  of  which  were  naturally 
overlooked  by  Lenz. 
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Oa  the  other  hand,  there  are  wanting  many  forms  at  Wismar, 
foond  by  Lenz  at  Travemiinde.  He  mentions  137  species  from 
Lnbeok,  while  there  are  only  101  at  Wismar.  Only  70  species  are 
common  to  both  places,  and  67  are  peculiar  to  the  Lubeck  district, 
namely : — 

O  lpOIIkoo      •••     *••     •■•     ■••     •••     •••     •••      ^ 

i^0Biditcr&t&    .••        •••        •■•        •••        •••        •«•        ••■  f 

Schinodemiata  ..•        ...        ...        ...        ...        ...  1 

T  tHUlOD  ...  ...  ••■  •••  «..  ■«.  .'•  Xf 

JjrvOZOft  ...  ...  ...  •«•  ...  •*.  ...              ^ 

\yi  uBiittCc&  ...  ...  ...  >**  >••  ...  ...  x^ 

A&011il8Ctt  ...  ...  ...  •*■  ...  ...  ...  ^  Y 

A,uniC8t8  ...  ...  ...  ...  ...  •••  ...              ^ 

—67 

Most  of  these,  Braun  holds,  have  their  furthest  eastern  limit  in  the 
Travemiinde  or  Lubeck  district,  while  Wismar  itself  seems  to  be  the 
furthest  eastern  limit  of  many  others. 

(To  be  concluded  in  our  next  Ifumier,) 
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L  —  Th»  Geology  of  South  Afbtca.  By  F.  H.  Hatch  and 
G.  S.  CoBSTOBPHiNE.  8vo ;  pp.  348  and  xiv.  (London : 
Macmillan  &  Co.,  1905.     Price  2 Is.  net.) 

THE  discovery  of  gold  and  diamonds  in  the  Transvaal  has  been 
the  parent  of  many  literary  prodigies,  some  great,  some  small, 
but  mostly  of  the  mouse-like  kind.  Among  the  latter,  papers  on 
the  origin  of  gold  in  the  banket,  the  extension  of  the  main  reef, 
and  countless  pamphlets  on  the  geology  of  the  Transvaal  form 
a  conspicuous  feature. 

The  authors  of  the  present  work  attempt  to  collect  into  a  small 
compass  the  varied  sources  of  information  relating  to  the  geology  of 
the  Transvaal,  and  to  a  less  degree  that  of  South  Africa  as  a  whole. 
Those  acquainted  with  the  literature  of  the  subject  will  admit  that 
they  have  succeeded  in  producing  a  clever  abstract  of  a  most 
bewildering  subject.  Those  fresh  to  the  enquiry  will  be  spared  the 
trouble  of  digesting  much  dead  matter,  or  if  they  desire  to  do  so 
they  may  consult  the  bibliography  given  at  the  end  of  the  volume. 

Reviewing  the  book  as  a  whole,  its  prominent  feature  lies  in  the 
small  space  into  which  the  authors  have  skilfully  compressed  most 
of  the  essential  problems  dealing  with  the  geology  of  a  vast  tract  of 
country.  One  is  horrified  to  think  how  many  volumes  a  studious 
Gbrman  might  have  filled  and  yet  not  have  advanced  our  know- 
ledge of  the  subject  any  further,  if  so  far.  Several  years'  practical 
acquaintance  with  the  geology  of  South  Africa  has  enabled  the 
audiors  to  avoid  the  pitfidl  of  voluminosity.  They  have,  perhaps,  not 
altogether  escaped  the  unaccountable  mesmerism  that  diamantiferous 
deposits  seem  to  exercise  on  the  skilled  and  unskilled  mind.  On 
the  other  hand,  important  dynamical  and  physical  problems  am 
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almost  entirely  ignored,  at  which  the  soientifio  man  will  lament, 
but  the  practioal  man  rejoioe. 

The  book  is  divided  into  three  parts.  Part  i  deals  with  the  Pre- 
Karroo  rooks.  Owing  to  the  want  in  similarity  of  the  BaooeasioQ 
in  different  areas  this  portion  has  been  divided  into  two  sections. 
Section  1  describes  the  Pre-Earroo  rocks  of  Southern  Gape  Colony, 
a  subject  already  and  more  fully  treated  of  by  Mr.  A.  W.  Bogera. 
It,  however,  forms  a  suitable  and  necessary  introduction  to  Section  2, 
which  gives  an  excellent  and  clear  account  of  the  Pre-Earroo  rooks 
of  the  Transvaal,  together  with  brief  descriptions  of  these  rocks  in 
the  remaining  portions  of  South  Africa.  The  advance  made  in 
determining  the  puzzling  stratigraphical  sequence  of  several  anoon- 
formable  and  unfossiliferous  formations  will  be  gathered  from 
a  comparison  of  the  authors'  conclusions  with  the  latest  published 
results  (1904)  of  Dr.  Molengraaff.  The  origin  of  the  gold  in  the 
banket  is  seriously  discussed.  The  authors  adopt  the  theory  of 
subsequent  infiltration. 

The  Earroo  and  Post-Earroo  rocks  receive  sufficient  attention  in 
parts  ii  and  iii.  Part  iv,  describing  the  volcanic  rocks  of  donbtfol 
origin,  contains  a  chapter  of  29  pages  on  the  diamond-bearing  deposits. 

The  correlation  of  the  various  rock  groups  in  part  v  deserves 
the  closest  attention.  This  difficult  question  is  clearly  and  philo- 
sophically placed  before  the  reader,  who  can  gather  in  brief  what 
permanent  results  have  been  obtained  and  in  what  direction  future 
work  lies.  We  may  state  that  this  portion  could  only  have  been 
written  by  one  intimately  acquainted  with  the  recent  resnlts  obtained 
in  Cape  Colony,  and  shows  the  value  of  the  work  accomplished  by 
the  surveyors  in  those  regions. 

In  the  way  of  print  and  illustrations  of  fossils  and  rock  scenery 
nothing  remains  to  be  desired.  Two  excellent  geological  maps, 
printed  in  colour,  afford  the  reader  the  means  of  following  the 
authors'  descriptions  of  the  different  regions.  The  introduction  of 
various  tints  of  black  and  grey  for  the  Earroo  deposits  does  not 
seem  a  happy  one.  Since  the  Earroo  beds  range  from  the  Carboni- 
ferous to  the  Jurassic  it  is  scientifically  incorrect ;  while  experience 
in  this  country  has  proved  such  colours  to  be  artistically  hopeless. 
We  trust  they  will  not  receive  official  sanction.  W.  G. 

II. — Ninth  Annual  Report  op  the  Geological  Comhisbion   or 
THE  Colony  op  the  Cape  of  Good  Hope,  1904. 

rpHIS  report  contains  a  full  account  of  the  progress  made  during 
JL  the  year  1904.  In  completeness  of  detail,  and  in  the  number 
of  the  accompanying  illustrations  and  maps,  it  should  be  classed  as 
a  memoir  rather  than  as  a  report. 

In  the  Chairman's  letter,  and  in  the  introduction  by  the  Director, 
it  is  stated  that  the  work  of  the  Survey  was  hampered  by  lack  of 
funds,  so  that  important  districts  could  not  be  visited  owing  to  the 
cost  of  hired  transport  Throughout  the  present  report  we  read 
how  the  welfare  of  the  colony  largely  depends  on  the  water  supply 
obtained  from   wells  and  borings.     It  therefore  seems  sarprising 
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that  this  useful  survey  of  the  rook  formations  is  not  being  pushed 
on  irrespective  of  oost  Engineers  visiting  South  Africa  have 
acknowledged  the  value  of  the  work  accomplished  by  the  Oom- 
mission,  and  the  present  report  shows  that  the  officers  of  the  staff 
pay  especial  attention  to  this  all-important  subject.  Surely  the  most 
*  practical '  of  men  cannot  fail  to  see  the  necessity  of  knowing  the 
order  of  succession,  distribution,  and  structure  of  the  rock  formations, 
for  on  these  the  success  or  failure  of  boring  for  water,  as  well  as 
the  search  for  minerals,  essentially  depends.  Let  us  hope  that  the 
Commission  will  be  afforded  greater  facilities  for  continuing  their 
work  on  the  same  sure  grounds  with  which  it  has  been  and  is  being 
conducted. 

In  the  present  report  a  useful,  if  somewhat  brief,  summary  by  the 
Director,  Mr.  A.  W.  Bogers,  precedes  the  detailed  account  of  the 
areas  examined.  A  table  of  strata  of  the  succession  in  Oape  Ck>lonyy 
with  their  probable  European  equivalents,  is  here  given,  but  without 
comment  We  note,  however,  that  the  table  is  to  be  regarded  as 
that  used  at  present  by  the  Survey.  Evidently,  then,  alterations  and 
additions  may  be  expected  as  the  field-work  proceeds. 

The  detailed  portion  of  the  report  includes  a  description  of  the 
geology  of  the  north-western  part  of  Van  Rbyn's  Dorp  by  the 
Director.  The  discovery  of  another  set  of  rocks,  termed  the 
Nieuwerust  Series,  shows  how  much  remains  to  be  done  before 
South  African  stratigraphy  is  reduced  to  something  like  order.  This 
series,  consisting  of  arkose,  quartzite,  and  slate,  is  regarded  as  later 
in  age  than  the  Malmesbury  Beds,  granite,  and  the  Ibiquas  Series. 

TbQ  descriptive  account  of  the  geology  of  Long  Kloof,  by  E.  H.  L. 
Schwarz,  shows  that  here  we  are  dealing  with  a  highly  folded  region, 
as  to  the  nature  of  which  Mr.  Schwarz  offers  some  interesting 
suggestions. 

Mr.  A.  L.  du  Toit  presents  a  very  detailed  and  interesting  account 
of  the  geology  of  Aliwal  North,  Herschel,  Barkly  East,  and  part  of 
Wodehouse.  Considerable  additions  are  made  to  our  knowledge  of 
the  Karroo  Series.  Mr.  Du  Toit  finds  it  possible,  on  palsBontological 
evidence,  to  divide  the  great  thickness  of  the  Beaufort  Series  into 
two  portions.  For  the  upper  portion  he  proposes  the  name 
**  Burghersdorp  Beds."  Besides  being  characterized  by  a  special 
reptilian  fauna,  they  are  further  interesting  from  the  oocurrenoe  of 
Olo88opter%8  and  Lepidodendroid  stems  in  association  with  T^tnn- 
fddia.  In  the  account  of  the  volcanic  beds  of  the  Stormberg  Series, 
descriptions  are  given  of  over  sixty  volcanoes  occurring  in  Wode- 
house, Barkly  East,  and  Herschel ;  while  descriptions  of  others  in 
Aliwal  North  are  promised.  This  evidence  of  powerful  vuloanicity 
is  unique  in  the  Jurassic  period  of  the  earth's  history. 

A  special  feature  of  the  report  consists  in  the  welcome  addition  of 
numerous  black  and  white  maps  illustrating  the  areas  described. 
The  want  of  headlines,  a  fuller  table  of  list  of  contents,  and  a  more 
copious  index  will  be  felt  by  the  general  reader.  Some  of  the 
figures,  too,  are  without  accompanying  scales,  and  the  frequent 
inclusion  of  their  descriptive  indices  in  the  text  beoomQ%  ^x^k^^t^Sq^*^* 
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These  are,  however,  minor  faults,  easily  capable  of  remedy,  bat 
detailed  perfeotion  cannot  be  expected  from  a  small  and  sadly 
hampered  staff.  We  must  be  content  with  the  evident  akill  and 
honesty  of  purpose  which  has  marked  the  work  of  the  Commission 
daring  the  year  included  in  this  report  and  in  those  preceding. 

W.G. 

Memoibs  of  the  Geological  Subvey  of  England  and  Wales. 

III. — The  Geology  of  the  Country  between  Debby,  Bubton-om- 
Tbent,  Ashby-de-la-Zouoh,  and  Loughbobough  (Explanation 
of  Sheet  141).  By  C.  E.  Fox-Stbangways,  F.G.S.,  with  a 
Chapter  on  Chamwood  Forest  by  Professor  W.  W.  Watts, 
M.A.,  M.Sc.,  F.R.S.  8vo;  pp.  83.  (London,  1905:  E.  Stanford, 
12,  13,  and  14,  Long  Acre.     Price  28.) 

THE  area  described  in  this  memoir  contains  a  number  of  small 
inliers  of  pre-Cambrian  rocks  belonging  to  the  Chamwood 
Forest  complex,  which  are  dealt  with  by  Professor  W.  W.  Watts, 
who  described  the  pre-Cambrian  of  Chamwood  Forest  in  the  memoir 
dealing  with  the  region  to  the  south  (155). 

The  next  formation  in  the  succession  is  the  Carboniferous  Lime- 
stone,  represented  by  a  few  inliers  situated  on  a  continuation  of  the 
Charnian  axis.  Although  covering  only  a  small  area  this  rock  has 
yielded  a  large  number  of  fossils,  and  a  list  of  over  a  hundred  species 
identified  by  Dr.  F.  L.  Eitchin  is  given.  Above  the  limestone  are 
the  limestone  shales  seen  at  Ticknall,  Dimminsdale,  and  Calke. 
They  have  thinned  out  from  5,000  feet  in  Derbyshire  to  some 
500  feet  at  Breedon,  and  are  probably  still  less  on  the  flanks  of 
Charnwood.  The  Millstone  Grit  above  has  been  divided  into  three 
divisions,  which  are,  however,  not  very  persistent  There  is 
a  general  diminution  in  the  coarseness  of  the  grains  from  below 
upwards,  the  lower  beds  being  generally  conglomeratic,  the  middle 
grits,  and  the  upper  fine-grained  thin-bedded  sandstones.  The 
formation  contains  a  plentiful  supply  of  good  water,  now  utilised 
by  Melbourne,  Castle  Donington,  Long  Eaton,  and  other  places. 

Much  of  the  detailed  information  relating  to  the  Coal-measures  is 
reserved  for  a  memoir  on  the  Leicestershire  Coalfield.  There  are 
here  given,  however,  two  tables  showing  the  thickness  of  the  seams 
and  the  intervening  measures. 

Certain  purple  marls  and  breccias  with  a  little  sandstone,  coming 
between  the  Carboniferous  and  the  Trias,  are  doubtfully  referred  to 
the  Permian  (as  in  the  old  memoir)  in  the  absence  of  evidence  to 
the  contrary. 

The  Bunter  occurs  only  as  pebble-beds  in  this  area,  the  Lower 
Soft  and  Upper  Soft  Sandstones  being  either  absent  or  represented 
by  pebble-beds.  They  are  well  exposed  round  the  west  and  north 
sides  of  the  coalfield,  overlapping  the  beds  called  Permian,  but  are 
not  very  thick.  They  are  better  developed  further  north,  between 
Bretby  and  Foremark,  where  they  form  the  sides  of  the  valleys. 
•  The  Bunter  is  followed  by  the  Lower  Eeuper  sandstone  and  marls, 
from  about  50  to  100  feet  l\iv(^k,  thmuing  towards  the  north.     Beds 
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of  breooia  oooar  at  the  base,  well  seen  at  Oastle  DoQington.  A  oon- 
sidarable  area  is  ooTered  by  these  beds  to  the  south  of  the  Trent 
Between  Griffydam  and  the  Chamwood  Hills  the  basal  breooia 
beoomes  much  more  developed,  replaoing  a  great  deal  of  the  sand- 
stone. It  rests  here  on  Coal-measures,  and  is  unaffeoted  by  a  large 
fieuilt  below.  The  Keuper  marls,  whioh  oome  next,  oooupy  a  larger 
area  than  any  other  formation,  oovering  three-fourths  of  the  map. 
Ab  a  general  rule  they  pass  down  into  the  sandstones  below,  but 
overlap  them  in  the  neighbourhood  of  the  old  land  surface  of  the 
Chamwood  Hills.  They  are  lithologioally  red  and  grey  marls,  with 
thin  unimportant  bands  of  white  sandstone,  only  one,  south  of 
Castle  Donington,  being  worth  mapping.  The  marls  contain  beds 
of  gypsum  worked  at  Chellaston  and  Gotham. 

Three  patches  of  Lias,  with  narrow  outcrops  of  Bhsdtic  at  their 
bases,  occur.  The  one  at  Normanton  is  a  spur  of  the  main  mass 
of  Lias  in  the  next  sheet  to  the  east ;  the  other  two,  at  Gotham  and 
West  Leake,  are  outliers.  The  Rh»tio  consist  of  about  20  feet  of 
dark  laminated  shales  resting  on  tea-green  marL  AboTC  is  grey 
shale  with  thin  limestones  passing  up  into  Lias.  A  collection 
of  fossils  from  the  Normanton  tunnel  has  been  described  by 
Mr.  Montagu  Browne. 

The  Drift  is  much  thinner  and  less  important  than  in  the  sheet  to 
the  south.  It  is  found  to  cap  the  hills,  except  in  the  Charnwood 
district,  which  stands  at  a  higher  level. 

The  oldest  post-Glaoial  deposit  is  the  high-level  valley  gravel 
flanking  the  Trent  and  Derwent  Valleys  on  the  northern  side,  and 
it  forms  a  sort  of  passage  from  Glacial  to  Beoent  times.  Biver 
terraces  border  all  the  main  rivers  at  about  a  height  of  15  to  20  feet 
above  the  alluvium,  from  which  they  usually  rise  in  a  sharp  bank. 
They  become  mingled  with  modern  alluvial  deposits  where  tributary 
streams  enter.  Hippopotamus,  Elephaa,  Bhinooeros,  and  Biaon  are 
recorded  from  them.  For  the  most  part,  contemporaneous  with  the 
terraces  are  lacustrine  deposits  lying  in  hollows  in  the  Keuper 
marl ;  Sinfin  Moor  is  the  best  example.  Alluvium  covers  a  con- 
siderable area  in  this  district  owing  to  several  important  streams 
nmning  into  the  Trent  here.     It  is  20  to  30  feet  thick. 

The  last  chapter  is  devoted  to  a  description  of  the  faults,  and  is 
followed  by  an  Appendix  of  30  pages  of  Borings  and  Pit  Sections. 
An  Index  concludes  the  work.  There  are  a  number  of  figures  in  the 
text  and  a  fine  plate  of  High  Sharpley,  Charnwood  Forest. 


I. — Bbitish   Assooiation    fob    the    Advanoement    of    Soienoe. 
Cape  Town,  South  Africa,  August  16th,  1905. 

ADimBss  TO  THE  Gbolooical  Sbction  (C)  by  Professor  H.  A.  Mibrs,  M.A., 

D.Sc,  F.R.S.,  President  of  the  Section. 

IN  opening  the  proceedings  of  Section  C  on  its  first  visit  to  South 
Afrios,  and  speaking  first  on  behalf  of  those  who  are  visitors, 
I  think  I   may  justly  claim  that  to  no   Seotiou  oC  t\x<^  ^x\\\^ 
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AssooiatioQ  oan  this  Tisit  be  more  interesting  or  even  more  exoiting 
than  to  U8 ;  we  enter  for  the  first  time  a  country  whose  geological 
features  and  history,  and  whose  mineral  produotions,  have  long 
aroused  the  keenest  interest  among  European,  geolog^ts  and 
mineralogists. 

We  have  followed  the  discoveries  and  discussions  of  South 
African  writers ;  we  have  read  your  views  and  have  become 
£eimiliar  with  your  terminology  ;  we  have  heard  the  reports  of  those 
who  have  visited  the  country,  either  as  travellers  or  with  the  special 
object  of  investigating  its  geological  problems  or  mineral  resources ; 
and,  indeed,  ever  since  the  Geological  Society  of  London  received 
the  historic  papers  of  Andrew  Geddes  Bain,  the  father  of  South 
African  geology,  many  of  the  memoirs  of  your  own  geologists  have 
been  communicated  to  European  societies  and  journals ;  we  have 
looked  from  afar  with  yearning  eyes  upon  this  alluring  country; 
and  at  length  we  have  found  ourselves  upon  its  shores. 

It  has  not  been  given  to  many  of  us  to  see  those  great  pioneers 
of  South  African  geology  whose  work  was  done  in  the  days  before 
amateurs  and  experts  could  come  out  for  a  few  weeks  or  months  to 
take  a  hurried  survey  of  the  country  ;  but  their  enduring  labours, 
which  have  laid  the  foundation  of  all  subsequent  work,  are  well 
known  to  us,  and  it  is  not  necessary  for  me  to  do  more  than 
mention  the  familiar  names  of  Bain,  Wyley,  Stow,  Atherstone, 
Sutherland,  and  Dunn.  Of  these  only  the  last-named  survives ;  but 
when  one  remembers  that  his  maps  of  North  Cape  Colony  and  of 
Orange  River  Colony  Lave  served  as  the  basis  of  the  maps  now  in 
use,  one  is  reminded  how  recent  is  the  whole  history  of  South 
African  geology,  and  how  much  was  achieved  in  so  short  a  time  by 
these  early  workers. 

It  is  exactly  one  hundred  years  since  John  Barrow  wrote  the 
concluding  words  of  his  ^'Travels  in  South  Africa"  which  first 
directed  attention  to  the  geology  of  this  country  ;  it  is  only  fifty 
years  since  Bain  sent  home  the  manuscript  of  the  classic  papers  to 
which  I  have  already  alluded. 

Since  their  days  many  have  been  the  scientific  visitors  to  the 
country  who  have  remained  bore  for  longer  or  shorter  periods,  whose 
works  have  made  us  familiar  with  its  problemaand  have  contributed 
to  their  solution  ;  the  names  of  Cohen,  Draper,  Exton,  Gibson, 
Green,  Griesbach,  Passarge,  Rubidge,  Sawyer,  Schenck,  and  Seeley 
recall  some  of  the  most  substantial  scientific  work  which  has  been 
done  either  by  visitors  or  residents.  Several  others  who,  without 
visiting  the  country,  have  by  their  researches  in  Europe  helped  to 
unravel  the  problem  of  South  African  stratigraphy  were  enumerated 
by  Dr.  Corstorphine  in  his  interesting  and  exhaustive  Presidential 
Address  last  year. 

If  we  must  regret  that  we  never  had  the  opportunity  of  seeing 
the  great  pioneers  and  the  earlier  workers,  we  may  rejoice  that  we 
have  been  able  to  meet  those  who  are  now  actively  engaged  in  con- 
tinuing their  labours ;  the  period  of  cursory  visits  and  fragmentary 
essays  is  closing,  and  the  era  of  deliberate  and  systematic  surveys  '\& 
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beginning ;  we  naw  look  for  authoritative  information  to  the  Gape 
Survey  inaugurated  by  Dr.  Corstorphiue  in  1895  and  so  ably 
continued  by  his  snocessor  Mr.  Rogers;  to  the  Transvaal  Survey 
begun  by  Dr.  Molengraaff  in  1897  and  auspiciously  revived  under 
Mr.  Kynaston  :  and  to  the  Natal  Survey  which  Mr.  Anderson  has  so 
successfully  directed  since  1901.  I  hope  that  it  will  not  be  long 
before  there  is  no  part  of  South  Africa  outside  the  direct  supervision 
of  a  systematic  and  well-ordered  survey. 

There  is  perhaps  some  danger  lest  in  a  developing  country,  where 
the  commercial  possibilities  are  prominently  before  all  eyes,  the 
immense  importance  of  such  surveys  should  be  overlooked,  and  lest 
it  should  be  thought  that  what  appears  to  be  purely  scientific 
research  may  be  left  to  take  care  of  itself  until  the  mineral  wealth  of 
the  country  has  been  explored.  I  cannot  enter  too  emphatlo 
a  protest  against  such  a  view;  how  closely  the  two  interests  are 
knit  together  must  be  apparent  to  anyone  who  reflects  that  the 
nature  and  sequence  of  the  more  northerly  formations  which  have 
yielded  coal,  diamonds,  gold,  and  metalliferous  deposits  can  only  be 
studied  in  the  light  of  the  more  intelligible  geology  of  Cape  Colony 
and  Natal.  It  is,  moreover,  immensely  to  the  advantage  of  South 
Africa  that  you  have  intimately  connected  with  the  mining  industry 
geologists  of  such  training  as  Doctors  Corstorphine,  Molengraaff,  and 
Hatch,  who  have  all  gained  valuable'  experience  upon  geological 
surveys. 

I  may  now,  perhaps,  cease  to  speak  merely  as  a  representative  of 
the  visitors  and  identify  myself  more  closely  with  the  Section  as 
a  whole;  for  the  most  gratifying  feature  of  this  meeting  is  that 
it  is  not  merely  a  visit  of  strangers  who  are  enjoying  your  hospitality, 
but  that  with  Section  C  of  the  British  Association  is  fused  Section  B 
of  the  South  African  Association,  so  that  for  the  time  being  we  are 
all  colleagues ;  and  even  such  vexed  questions  as  the  correlation  of 
the  rocks  of  the  Transvaal  or  of  Rhodesia  with  those  of  the  Cape,  or 
the  origin  of  Banket,  or  of  Blue  Ground,  or  the  extension  of  the 
Main  Reef  Series  (perhaps  it  is  no  longer  necessary  to  include  the 
problem  of  the  Dwyka  conglomerate)  can  be  discussed  by  us  on  the 
spot  as  members  of  the  same  body  inspired  by  the  same  earnest 
desire  for  truth. 

I  began  these  preliminary  remarks  by  asking  that  I  might  be 
regarded  as  the  spokesman  of  the  visitors,  and  therefore  represented 
myself  as  a  geologist  visiting  the  country  for  the  first  time.  I  must, 
however,  make  a  frank  confession.  Not  only  is  this  my  second  visit 
to  the  country,  but  I  have  not  even  any  claim  to  be  called  a  geologist. 
My  training  and  experience  have  been  such  that  upon  many  of  the 
questions  which  must  be  most  interesting  to  this  Section  I  am  not 
competent  to  form  an  opinion  or  to  appreciate  properly  the  evidence. 
I  must,  therefore,  crave  your  indulgence  if  in  this  Address  I  refrain 
from  discussing  any  of  the  problems  of  surpassing  interest  which 
naturally  engage  the  attention  of  those  who  are  occupied  with  the 
study  of  South  African  geology.  It  would  indeed  be  an  impertinence 
for  me  to  do  so. 


420  Reports  and  Proceedings — British  Association. 

.  I  venture,  however,  to  hope  that  the  frontier  between  geology 
and  mineralogy  is  so  ill-defined — if  indeed  a  scientifio  frontier  can 
be  said  to  exist — that  the  thoughts  and  oooupations  of  one  who  haa 
confined  himself  to  the  study  of  minerals,  and  that  rather  in  the 
laboratory  than  in  the  field,  are  not  alien  to  the  interests  of 
Section  0. 

Mcperimenial  Geology. 

A  somewhat  lamentable  aspect  of  modem  science  is  the  vast  array 
of  unorganised  facts  which  are  awaiting  co-ordination ;  this  is  too 
often  because  they  have  been  amassed  without  any  definite  idea  of 
the  purpose  which  they  may  serve;  consequently  it  may  happen 
that  laborious  observations  belonging  to  one  science  may  fiiil  to 
attract  the  regard  of  a  neighbouring  science  merely  for  want  of  the 
mutual  acquaintance  which  would  make  them  serviceable  to  each 
other ;  and  in  these  days  of  exclusive  specialisation  the  introdoction 
which  might  lead  to  a  happy  union  is,  perhaps,  not  brought  about 
for  years.  None  can  be  more  fully  alive  to  the  importance  of  sud> 
an  alliance  than  those  whose  work  lies  on  the  borderland  between 
difierent  sciences  ;  the  mineralogist,  for  example,  is  in  contact  on  the 
one  side  with  the  experimental  sciences  of  chemistry  and  physics, 
and  on  the  other  with  geology,  which  has  scarcely  yet  entered  the 
experimental  stage.  He  cemhot  fail  to  be  impressed  by  the  need  of 
the  appeal  to  experiment  on  the  geological  side  of  the  border,  and  it 
is  perhaps  his  duty  to  supply  the  want  as  far  as  lies  in  his  power. 

Owing  to  this  very  need  some  of  the  most  difficult  problems  in 
geology  are  those  concerned  with  the  origin  of  minerals  and  of  the 
rocks  which  they  compose.  One  need  but  recall  the  many  theories 
which  Imvo  been  held  about  the  origin  of  mineral  deposits,  the  filling 
of  metalliferous  veins,  the  local  concentration  of  certain  minerals,  the 
distribution  of  various  rock  types,  the  existence  of  rock  magmas  of 
diverse  compositions,  and  the  differentiation  of  their  constituents. 
Could  the  importance  and  difficulty  of  such  problems  be  better 
illustrated  than  in  South  Africa,  and  by  its  two  most  valuable 
minerals,  gold  and  diamond  ? 

Now  all  these  are  problems  in  which  direct  appeal  may,  and 
indeed  must,  be  made  to  laboratory  experiments ;  the  well-defined 
minerals  of  which  the  earth's  crust  consists  do  not,  after  all,  number 
much  more  than  800,  and  of  these  many  have  already  been 
manufactured  in  the  laboratory.  Speculation  upon  the  origin  of 
rooks  and  minerals  should  surely  be  controlled  by  the  results  of 
experiments,  and  equally  should  experiment  which  is  to  be  of  service 
to  geology  be  guided  by  a  knowledge  of  the  problems  to  which  it  is 
to  be  applied.  It  will  be  my  object  in  the  present  Address  to 
illustrate  these  principles  by  examples  drawn  from  recent  ex- 
perimental work  which  can  be  applied  to  geological  problems,  and 
to  indicate  the  course  which  such  research  is  likely  to  pursue  in  the 
immediate  future. 

It  seems  to  be  sometimes  expected  of  a  Presidential  Address  that  it 
should  contain  a  summary  of  the  progress  of  a  science  during  past 
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yean,  and  this  is  no  doubt  very  useful  and  instruotive;  but  if  we  are 
to  go  forward  in  our  soientifio  work  we  muat  not  be  satisfied  witk 
the  patient  acoumulation  of  details,  or  content  to  oongratulato 
ourselves  upon  the  number  of  tbem  whioh  have  been  amassed. 
I  venture  to  think  that  it  is  more  profitable  to  take  our  stand  upon 
the  actual  work  of  to-day,  and  from  that  tower  of  observation  to 
look  forward  to  the  future  rather  than  backwards  to  the  past;  to 
•exclaim  with  the  poet— 

"  No,  at  noonday  in  the  bustle  of  man's  work-time 
Greet  the  unseen  with  a  cheer ! 
Bid  him  forward.** 

It  would  be  interesting  enough  to  trace  the  history  of  the  artificial 
reproduction  of  minerals,  beginning  with  the  famous  experiment  of 
James  Hall ;  to  follow  the  lines  that  led  to  the  development  of  the 
French  School  during  the  last  half  of  the  nineteenth  century;  to 
dwell  on  the  researches  of  Senarmont,  Ebelmen,  Daubr6e,  and 
Sainte-Claire  Deville ;  to  show  how  the  increasing  study  of 
f)etrography  and  the  invention  of  the  electric  furnace  have  led  to 
renewed  activity  in  the  attempts  to  reproduce  igneous  rocks  and  the 
rook-forming  minerals ;  to  discuss  the  more  modem  experiments  of 
Fouqu6  and  L6vy,  Lagorio,  Loevinson-Lessing,  and  Morozewicz ;  or 
to  describe  the  manufacture  of  many  an  interesting  mineral  by 
de  Schulten  and  others  who  are  actively  prosecuting  research  of  this 
nature,  including  such  sensational  achievements  as  the  production  of 
the  ruby  by  Fremy  and  of  the  diamond  by  Moissan. 

Instead,  however,  of  attempting  a  survey  of  all  that  has  been  done, 
or  even  of  all  that  is  being  done  in  the  artificial  reproduction  of 
minerals,  let  me  adhere  to  the  principle  that  I  have  laid  down,  and 
<liscuss  only  a  few  of  those  researches,  now  being  carried  on,  whioh 
promise  to  be  most  fruitful  because  their  methods  and  aims  are 
inspired  by  the  discoveries  and  views  of  modem  chemistry  and 
modem  physios. 

Van  H  Eoff*8  Work  on  the  Salt  Deposits, 

Among  such  researches  the  most  remarkable  are  those  conducted 
by  Professor  van  't  Hoff  and  his  pupils  during  the  last  eight  years 
upon  the  Stassfurt  salt  deposits.  These  deposits  are  of  enormous 
extent,  more  than  1,000  feet  thick,  and  consist  of  fairly  well-defined 
layers  of  various  sulphates  and  chlorides  of  sodium,  magnesium,  and 
potassium,  and  their  double  salts  and  hydrates.  It  has  long  been 
supposed  that  the  minerals  have  been  derived  from  the  evaporation 
of  sea-water  whioh  contains  in  solution  the  chlorides  of  sodium, 
magnesium,  and  potassium,  with  sulphate  of  magnesium  and  small 
quantities  of  calcium  salts  ;  and  the  general  sequence  of  the  minerals 
is  that  of  their  solubility  ;  the  less  soluble  sodium  chloride  crystallised 
out  first  and  is  at  the  bottom,  while  the  very  soluble  magnesium 
chlorides,  having  been  the  last  to  crystallise,  occupy  the  top  of  the 
series.  But  the  problem  is  by  no  means  so  simple  as  to  be  one  of 
mere  solubility  in  water;  the  rook  salt  itself  persists  through  the 
whole  series,  and  some  of  the  associations  are  difficult  to  exi^lailxi. 
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As  18  well  known,  the  modem  theories  of  solution  mainly  rest  upon 
the  behaviour  of  dilute  solutions  from  whidi  the  principles  of 
electrolytic  dissociation  have  been  deduced ;  but  in  the  case  of  the 
concentrated  solutions  from  which  dissolved  substances  actuallj 
crystallise,  very  little  is  really  known  about  the  liquid  itself.  A  great 
deal  is  known,  however,  about  its  equilibrium  with  the  solids  that 
separate  from  it,  and  the  general  laws  of  this  equilibrium  are 
expressed  by  the  phase-rule  deduced  from  mathematical  considerations 
by  Willard  Gibbs,  which  states  how  many  mechanically  separable 
constituents  can  coexist  under  varying  conditions  of  equilibrium  in 
a  system  containing  a  definite  number  of  chemical  components. 

A  solution  saturated  with  a  given  substance  is  one  which  is  in 
equilibrium  with  that  substance  when  the  latter  is  in  contact  with  it 
in  the  solid  form  ;  the  phase-rule  indicates  the  number  of  solids 
'which  must  be  in  contact  with  a  given  solution  ;  the  only  difficulty 
in  practice  is  to  determine  the  nature  of  the  double  salts  or  distinct 
hydrates  that  may  be  formed. 

By  means  of  a  series  of  experiments  upon  the  solubilities  of  these 
salts,  either  singly  or  in  the  presence  of  one  another,  in  order  to 
determine  the  composition  of  solutions  saturated  simultaneously  with 
two  or  more  substances,  it  is  possible  to  obtain  a  graphic  repre- 
sentation of  all  possible  solutions  containing  the  salts  present  in 
sea-water.  From  this  the  course  of  crystallisation  of  any  particular 
solution,  for  example  sea-water,  can  be  predicted. 

Tlie  general  sequence  thus  theoretically  predicted  is  as  follows : — 
(1)  Eocksalt;  (2)  Rock  salt  with  the  magnesium  sulphate,  epsomite; 
(8)  Eock  salt  with  the  double  sulphate  of  potassium  aud  magnesiuiu, 
leonite  ;  (4)  Rock  salt  with  leonite  and  the  potassium  chloride, 
kainite ;  (5)  Rock  salt,  the  magnesium  sulphate  kieserite,  and  the 
double  chloride  of  potassium  and  magnesium,  caruallite;  (6)  R<x:k 
salt,  kieserite,  carnallite,  and  the  magnesium  chloride,  bischoffite. 
This  last  combination  will  persist  until  all  the  water  is  evaporated. 
Tliis  is  found  to  be  the  general  sequence,  not  only  of  the  salts 
obtained  on  evaporating  sea-water  at  25°,  but  also  of  the  Stassfurt 
deposits. 

Up  to  this  point  the  results  have  been  summarised  by  Dr.  E.  F. 
Armstrong  in  a  report  presented  to  the  British  Association  in  1901. 
Since  that  date  the  research  has  been  prosecuted  actively  by  van  't 
HofF  and  his  pupils,  and  now  the  conditions  of  equilibrium  at  25^ 
have  been  mapped  out,  not  only  for  the  above  compounds,  but  also 
for  the  minerals  thenardite,  glaserite,  astrakanite,  and  reichardtite, 
which  occur  in  these  deposits.  The  whole  process  of  crystallisation 
of  the  solution,  from  which  no  fewer  than  twelve  different  salts  have 
separated,  can,  therefore,  be  predicted,  and  their  sequence  and 
associatiotis  can  be  traced  through  numerous  stages,  beginning  with 
the  separation  of  rock  salt  and  ending  with  a  mixture  of  rock  salt, 
kieserite,  carnallite,  and  bischoffite. 

In  reconstructing  the  history  of  these  deposits  account  must  also 
be  taken  of  the  varying  vapour  pressures  of  the  solutions  which  are 
saturated  with   the  different  com^ounda,  as  this  really  determines 
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which  partioolar  oompoands  are  stable,  so  that  the  matter  is  by  no 
means  so  simple  as  might  appear  from  this  brief  sketch.  It  is 
farther  necessary,  in  order  to  bring  the  process  within  reach  of 
caHonlation,  to  assume  that  each  deposit  is  removed  from  contact  with 
the  mother  liquor  after  it  has  crystallised  out ;  but  fortunately  this 
is  practically  what  has  happened  in  the  Stassfurt  deposits,  for  each 
layer  is  more  or  less  separated  from  the  succeeding  one  by  an 
interrening  layer  of  clayey  material. 

It  may  be  possible  eyen  to  go  a  stage  further  and  obtain  a  clue  to 
the  actual  temperatures  that  prevailed,  for  two  minerals,  langbeinite 
and  Idweite,  are  absent  from  the  theoretical  model  made  by  van  't 
Hoff  to  represent  what  must  happen  during  evaporation  at  25^ ;  and 
this  indicates  that  while  the  deposits  crystallised  the  temperature 
really  rose  higher  than  25^,  probably  as  high  as  43^ ;  in  fact,  after 
the  conditions  of  equilibrium  have  been  worked  out,  the  appearance 
or  disappearance  of  certain  minerals  can  be  used  as  a  sort  of 
geological  thermometer,  capable  of  indicating  the  limits  within  which 
the  temperature  can  have  varied. 

The  whole  investigation  is  a  splendid  example  of  experimental 
research  devoted  to  a  particular  problem  and  directed  by  a  well- 
eetablished  theory ;  the  chemist  in  his  laboratory  has  now  succeeded 
in  tracing  the  changes  that  took  place  ages  ago  in  the  bed  of  a  land- 
locked sea  as  it  laid  down  its  contents  and  finally  became  a  dry 
basin,  although  he  is  not  able  to  reproduce  the  original  conditions  or 
to  work  for  the  long  periods  which  Nature  had  at  her  disposal. 
Without  the  logical  consideration  of  the  conditions  necessary  for 
equilibrium,  countless  experiments  might  be  made  upon  these  salts, 
and  an  immense  amount  of  speculation  might  have  been  devoted  to 
their  possible  reactions  in  the  liquid  state,  about  which  we  know  so 
little,  instead  of  to  their  equilibrium  when  solidifying,  about  which 
we  know  so  much  more. 

Some  Fetrographteal  Problems, 

The  other  geological  problems  which  I  have  mentioned  have  also 
been  beyond  the  reach  of  actual  experiment,  for  it  is  hopeless  to 
attain  the  immense  pressures  and  high  temperatures  or  the  enormous 
time  that  may  have  been  required  for  the  growth  of  natural  minerals 
in  rocks  and  veins ;  and  so  when  difficulties  are  encountered  there  is 
a  tendency  to  '  explain '  them  (if  the  word  may  be  so  misused)  by 
jreference  to  the  mysterious  effect  of  conditions  which  cannot  be 
brought  directly  within  the  reach  of  experiment. 

I  cannot  help  thinking  that  this  has  to  some  extent  occurred  in 
the  discussion  of  the  petrograpliical  problems  which  I  propose  to 
consider  next.  There  are  two  great  liquid  reservoirs  from  which 
minerals  have  crystallised — tlie  sea,  with  its  dissolved  salts,  and  the 
subterranean  baths  of  molten  silicates,  from  which  the  igneous  rocks 
have  been  derived.  It  is  true  that  in  the  sea  two  of  the  constituents, 
water  and  sodium  chloride,  largely  predominated  over  the  others  ; 
but,  after  all,  both  sea  and  lava  are  liquids  subject  to  the  same 
physical  and  chemical  laws. 
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An  admirable  summary  of  the  evolation  of  petrograpbioal  idsai 
was  given  in  the  Presidential  Address  to  the  Qeologioal  Society  of 
London  in  1901  by  Dr.  Teall,  who  dealt  both  with  t^  consolidaiioo 
of  rooks  from  molten  magmas  and  their  diffisrentiation  into  speoies. 
It  is  not,  therefore,  neoessary  for  me  to  consider  anything  bat  recent 
work  which  has  been  done  daring  the  last  four  years,  and  the  earlier 
controversies  may  be  left  out  of  acoonnt. 

Among  the  many  problems  relating  to  the  mineral  and  oheraieal 
constitution  of  rocks  which  have  yet  to  be  solved,  two,  and  those 
perhaps  the  most  important,  should  lend  themselves  most  readily  to 
experimental  treatment.  The  first  is  the  problem  of  rock  difierentiar 
tion :  why  does  a  magma,  even  one  which  has  presamably  crystallised 
tn  8t<4,  separate  itself  into  zones,  or  layers,  or  streaks  of  difTerent 
constitution  ?  And  the  second  is  the  problem  of  mineral  differentia- 
tion :  why  does  a  granite  magma,  for  example,  crystallise  as  a  mixtaie 
of  the  particular  minerals  mica,  felspar,  and  quartz,  and  why  is  the 
least  fusible  mineral  the  last  to  crystallise  ? 

It  will  scarcely  be  possible  for  me  to  deal  in  this  Address  with 
more  than  the  second  of  the  two  problems,  but  it  will  be  appaient 
from  the  somewhat  parallel  case  of  the  salt  deposits  that  the  mere 
order  and  manner  of  crystallisation  of  a  mass  of  molten  silicates 
must  be  a  sufficiently  complex  problem  to  exhaust  our  attention  for 
the  present 

Magmatie  Differentiaiion. 

If  we  are  to  consider  only  recent  experiments  which  have  a  bearing 
upon  the  problems  of  rock-magmas,  it  is  not  necessary  to  say  ranch 
about  the  first  great  petrographical  problem,  that  of  the  differentiation 
of  magmas  into  various  rock  types ;  for  in  this  connection  very  few 
experiments  have  been  made,  and  practically  none  of  recent  date. 
Observations  of  the  facts  as  they  present  themselves  in  the  field 
acouinulate  every  day  ;  almost  every  important  petrographical  region 
is  being  studied  with  the  particular  object  of  determining  the  mutual 
relations  of  its  rock-masses  and  the  factors  which  have  contributed 
to  their  diflferentiation.  They  have  been  ably  discussed  by  Becke, 
Brogger,  Becker,  Cole,  Harker,  Iddings,  Judd,  Lacroix,  Levy,  Pirsson, 
Rosenbusch,  Teall,  Washington,  Zirkel,  and  many  others ;  appeal 
has  been  made  to  the  action  of  gravity,  of  temperature  differences, 
of  diffusion,  of  electric  currents,  of  fractional  crystallisation,  of 
refusion,  of  chemically  combined  water,  of  absorption  of  the  country 
rock  ;  but  with  the  exception  of  a  single  case,  observed  in  the 
glassworks  of  Targowek,  in  which  the  top  of  a  molten  glass  was 
found  to  contain  less  lime  and  more  silica  than  the  bottom,  and  some 
observations  by  Doelter  upon  boron -glass,  there  is  scarcely  a  single 
experiment  upon  silicates  which  really  bears  directly  on  the  question. 
That  artificial  glasses  are  far  from  homogeneous  is  known  to  glass- 
workers  and  to  makers  of  lenses,  but  there  is  nothing  comparable 
with  the  splitting  of  a  magma  into  two  or  three  distinct  liquids  which 
solidify  as  different  rocks. 

It  is  in  the  case  of  laccolites  that  the  problem  ought  to  present 
itself  in  the  simplest  form,  for  we  may  regard  them  as  basins  of 
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-igneoas  xook  which  have  been  praotioally  imprifioned  within  solid 
walls  and  have  crystallised  tn  siiiL,  There  can,  I  think,  be  no  doubt 
that  differentiation  has  generally  taken  place  even  in  such  basins, 
that  the  margins  have  often  a  different  mineralogical  and  chemical 
constitntion  from  the  more  central  portion,  and  that  the  differences 
are  greater  than  can  be  accounted  for  by  solution  of  the  enclosing 
rock,  and  are  often  of  a  chemical  nature  which  cannot  be  so 
•explained. 

The  varions  theories  that  have  been  propounded  fall  into  two 
distinct  classes — those  which  seek  the  cause  in  the  separation  of 
solid  material  from  the  liquid,  so  that  when  the  latter  subsequently 
crystallised  it  constituted  a  different  rook  from  the  former;  and 
those  theories  which  assume  that  different  liquids  have  separated 
from  each  other  and  then  solidified  as  different  rooks. 

The  first  conception  satisfactorily  explains  the  manner  in  which 
the  least  soluble  minerals  are  concentrated  at  the  bottom  or  margin 
of  an  igneous  mass,  for  they  naturally  crystallise  first  where  the 
mass  is  coolest,  or  where  contact  with  other  crystals  may  have 
occurred ;  or  even  if  they  have  been  precipitated  as  a  cloud  through- 
out the  magma  they  must  be  carried  about  by  convection  currents 
and  ultimately  sink  together  unless  the  magma  be  very  viscous. 
Most  geologists  will  probably  agree  with  the  conclusions  of  Vogt 
that  some  of  the  most  important  deposits  of  metal,  metallic  oxides, 
and  sulphides  have  been  produced  by  magmatio  differentintion  from 
deep-seated  magmas  which  now  constitute  basic  rocks  associated  with 
them.  But  this  does  not  explain  how  the  mass  which  has  crystallised 
out  may  be  not  a  mineral  but  a  rook. 

The  actual  observations  on  crystallising  solutions  do  not  amount 
to  much ;  it  is  quite  clear  from  laboratory  experiments  that  crystals 
do  grow  by  means  of  convection  currents,  which  produce  a  flow  of 
stronger  solution  towards  the  crystal  and  of  weaker  and  warmer 
solution  upwards  and  away  from  the  crystal.  The  concentration 
cnrrents  can  easily  be  seen  in  any  ordinary  aqueous  solution  as 
streaks  in  the  liquid.  Again,  that  there  might  be  a  slight  difference 
in  the  concentration  of  the  upper  and  lower,  or  of  the  warmer  and 
cooler  parts  of  ii  solution  has  also  been  shown.  That  a  very  con- 
siderable difference  in  concentration  can  be  produced  by  centrifugal 
action  was  proved  only  last  year  by  the  experiments  of  Calcar  and 
de  Bruyn,  in  which  solutions  contained  in  rapidly  rotating  vessels 
became  more  concentrated  in  the  portions  furthest  from  the  axis  of 
rotation. 

Schweig  has  recently  suggested  that  the  crystals  which  fall  to  the 
bottom  of  a  rock-magma  may  be  unstable  compouods,  which  re- 
dissolve  when  the  pressure  is  relieved,  and  so  give  rise  to  an  under- 
lying magma  of  different  chemical  constitution. 

Harker,  also,  some  time  ago,  suggested  the  existence  of  horizontal 
•layers  of  different  liquid  magmas  above  each  other,  thus  attempting 
to  explain  the  presence  of  quartz  in  basic  rocks  as  due  to  the  crystals 
which  had  sunk  into  the  basic  magma  from  a  more  acid  magma 
boating  upon  it. 
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The  second  theory,  that  of  liquid  differentiation,  xegards  such 
layers  as  actually  produced  by  the  spontaneous  division  of  a  magma 
into  two  liquids  of  different  composition,  and  if  it  be  tenable  seems 
more  capable  of  explaining  the  geological  facts. 

The  experiments  bearing  on  the  subject  are  well  known,  and  have 
been  quoted  by  Backstrom  and  Teall ;  mixtures  of  phenol  and  water, 
or  of  aniline  and  water,  which  form  a  homogeneous  solution  above 
a  certain  temperature,  may  below  that  temperature  (whioh  is  a  sort 
of  critical  point  of  the  solution)  divide  into  two  solutions,  one  con- 
sisting of  phenol  in  excess  of  water,  the  other  of  water  in  excess  <^ 
phenol ;  and  these  two  solutions  are  not  misoible,  but  separate  into 
two  distinct  layers. 

Many  pairs  of  substances  have  now  been  found  to  exhibit  this 
incomplete  miscibility,  which  varies  with  the  temperature  and  may 
at  certain  temperatures  become  complete  ;  among  them  are  some  of 
the  metals  such  as  zinc,  lead,  bismuth,  and  silver. 

If  rock-magmas  can  really  behave  in  this  way,  there  is  no  difficulty 
in  explainiug  their  differentiation ;  but  experiments  upon  fused 
silicates  have  not  disclosed  anything  of  the  sort,  though  they  are 
made  far  below  the  critical  temperature. 

The  case  of  nicotine  and  water,  which  has  recently  been  described 
by  Hudson,  is  remarkable  and  suggestive :  above  a  temperature  of 
205^  a  mixture  in  equal  proportions  is  a  clear  liquid;  at  205°  it 
divides  into  a  saturated  solution  of  nicotine  in  water  floating  on 
a  saturated  solution  of  water  in  nicotine ;  at  90°  these  two  layers 
change  places ;  at  G^*^  they  mix  again  and  the  liquid  becomes  once 
more  homogeneous. 

It  is,  of  course,  possible  that  fused  silicates  at  experimental 
temperatures  correspond  to  nicotine  and  water  below  64°,  and  that 
rock-magmas  correspond  to  the  same  mixture  at  higher  temperatures. 

In  discussing  the  reasons  why  in  laccolites  of  the  Square  Butte 
type  the  margin  should  be  more  basic,  and  in  laccolites  of  the 
Magnet  Cove  type  more  acid  than  the  centre,  Washington  regards 
the  magma  as  a  mutual  solution  of  an  alumo-alkaline  substance  with 
a  ferro-njagnesian  substance  ;  whichever  of  these  is  in  excess  may 
be  regarded  as  solvent,  and  crystallises  first,  for  example,  either  the 
syenite  or  the  shonkinite.  In  a  laccolite  where  no  differentiation 
has  taken  place,  as  in  the  Henry  Mountains  type,  he  supposes  the 
mixture  to  be  eutectic  or  such  that  they  crystallise  together. 
Pirsson,  in  a  paper  recently  published  upon  the  *'  Highwood 
Mountain  Laccolites  of  Montana,"  while  attributing  a  greater  part  in 
the  process  to  the  action  of  convection  currents,  also  regards  the 
ferro-niagnesian  minerals,  taken  together,  as  constituting  the  solveut 
and  crystallising  first  as  shonkinite. 

In  tact,  stated  quite  baldly,  these  latest  views  tend  to  a  com- 
promise between  the  two  theories  which  I  have  just  mentioned. 
They  regard  the  splitting  of  the  magma  as  produced  by  a  fractional 
crystallisation,  only  now  the  mass  which  crystallises  is  not  a  mineral 
but  a  rock  ;  in  other  words,  they  assume  that  rocks  may  be  dissolved 
in  each  other,  and  may  crystallise  from  each  other  as  though  the^ 
were  minerals. 
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In  this  matter  of  magmatio  differentiation,  then,  there  has  been 
daring  the  last  few  years  a  large  aocumulation  of  geologioal  evidence, 
a  little  new  speculation,  but  practically  no  new  experimental  worky 
and  scarcely  any  progress. 

Mineral  Differentiation  and  Eutecties. 

Let  us  pass  to  the  second  petrographical  problem,  that  of  mineral 
differentiation,  the  nature  and  order  of  the  minerals  which  crystallise 
when  a  cooling  magma  becomes  a  solid  rock-masR. 

It  has  been  laid  down  by  Rosenbnscb,  and  is  accepted  as  a  general 
mle  (in  spite  of  many  exceptions),  that  the  order  in  which  the 
various  minerals  crystallise  is  one  of  increasing  acidity,  ores  and 
oxides  and  so-called  accessory  minerals  first,  then  those  minerals 
which  are  comparatively  poor  in  silica,  then  those  which  are  richer, 
and  finally,  if  it  be  present  in  excess,  the  silica  itself.  It  has  also 
been  supposed  that  the  order  may  be  one  of  the  fusibility  of  the 
▼arioos  minerals  under  the  conditions  of  their  formation ;  the  least 
fdsible  minerals  being  the  earliest  to  crystallise,  and  the  most  fusible 
the  latest.  Interesting  speculations  concerning  the  melting-point  of 
quartz  at  high  pressures,  and  its  consequent  order  of  crystallisation, 
have,  for  example,  been  published  recently  by  Stromeyer  and 
Cunningham. 

It  is  not  necessary,  however,  to  regard  the  molten  magma  as 
a  mere  mixture  of  fused  minerals  whicli  solidify  more  or  less 
independently  and  consecutively  ;  it  is  more  reasonable  to  regard 
the  whole  magma  as  a  solution  in  which  the  various  minerals  are 
dissolved,  and  from  which  they  crystallise  as  it  cools.  Now  the 
temperature  at  which  a  substance  separates  from  solution  is  generally 
&r  below  its  melting-point,  and  the  order  in  which  the  constituents 
of  a  mixed  solution  will  crystallise  is  the  order  of  their  solubility  in 
\if  and  bears  no  direct  relation  to  their  fusibility  or  to  their  chemical 
composition. 

Teall  in  1901,  after  discussing  the  controversies  and  the  evidence 
on  which  they  are  based,  came  to  the  conclusion  that  rock-magmas 
are  solutions,  and  that  the  order  in  which  the  minerals  consolidate 
depends  upon  the  nature  of  the  constituents  and  their  properties,  and 
is  not  by  any  means  the  order  of  their  freezing-points.  As  to  the 
particular  minerals  which  crystallise,  be  thought  that  the  molecular 
grouping  in  the  magma  is  determined  by  mass  action  and  by  tlie 
mutual  affinities  of  the  bases,  the  silicH,  and  the  alumina.  Cou- 
oeming  future  research  he  ventured  to  predict  that  the  next 
advances  were  to  be  made  by  experiment  controlled  by  the  modern 
theory  of  solutions. 

Thirteen  years  earlier  Teall  had  himself  contributed  a  valuable 
suggestion  based  upon  Guthrie's  work  on  cry o- hydrates.  Wlien 
a  mixture  of  nitrate  of  lead  and  nitre  is  fused  and  allowed  to  cool, 
the  constituent  which  is  in  excess  will  crystallise  out  as  from 
a  solvent  until  the  proportions  left  in  the  liquid  state  are  47  of  lead- 
nitrate  to  53  of  nitre,  and  this  mixture  will  then  solidify  at  207^, 
not  as  a  uniform  compound,  but  as  an  intimate  mixture  oC  tlv^  W^ 
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salts,  the  eutectie,  whioh  orystallises  at  the  lowest  possible 
temperature,  and  is  the  only  mixture  which  has  exactly  the  same 
composition  as  the  liquid  from  whioh  it  solidifies.  TeaU  made  the 
illuminating  suggestion  that  mioropegmatite  is  an  euteotic  consisting 
of  quartz  and  felspar,  and  represents  in  certain  rocks  the  final 
mother  liquor  from  which  the  other  'minerals  have  crystallised  out 
Eutectics  in  metallic  alloys  have  been  much  studied  during  reoent 
years ;  in  the  Address  of  1901  Teall  was  able  to  strengthen  his  ease 
by  showing  that  spherulitic  and  micropegmatitio  structures  found  in 
obsidian  and  other  acid  rocks  are  paralleled  by  similar  struotores 
developed  in  eutectie  alloys,  according  as  they  have  been  rapidly  or 
slowly  cooled. 

In  the  following  year  appeared  a  theoretical  paper  by  Meyeilioffnr 
concerning  the  ideal  case  of  a  molten  mixture  of  two  aubstances, 
a  and  6,  which  do  not  sufifer  double  decomj>o8ition,  nor  form  a  doable 
salt,  nor  an  isomorphous  mixture. 

Let  a  diagram  be  constructed,  with  temperatures  as  ordinates  and 
composition  of  the  magma  as  abscisssd,  giving  by  a  curve  the  nature 
of  the  magma  whioh  is  in  equilibrium  with  either  solid  a  or  solid  h. 
The  curve  has  the  form  of  a  V  ;  one  arm  represents  the  temperature 
and  constitution  of  the  liquid  which  can  be  in  equilibrium  with  a, 
and  the  other  that  of  the  liquid  which  can  be  in  equilibrium  with  h ; 
and  the  lowest  point  corresponds  to  the  euteotic,  which  is  in  contact 
with  both. 

Let  a  point  above  the  curve  represent  the  temperature  and 
constitution  of  the  liquid  magma  containing  excess  of  6;  as  the 
magma  cools  this  point  descends  to  the  b  branch  and  travels  along 
it  while  6  is  crystallising  out,  until  the  eutectie  point  is  reached, 
when  a  and  h  both  crystallise  out  together  at  a  temperature  below 
the  melting-point  of  either.  The  order  of  crystallisation  is  therefore 
determined  solely  by  the  composition  of  the  magma  as  compared 
with  that  of  the  euteotic.  If,  however,  the  liquid  be  cooled  slowly, 
cry  stall  isation  may  be  postponed  until  it  has  become  supersaturated 
with  regard  to  one  constituent  or  the  other,  or  both ;  a  state  of  afiairs 
represented  by  a  prolongation  of  the  arnjs  of  the  V  below  its  lowest 
point,  and  then  the  order  of  the  crystallisation  may  be  inverted. 

In  a  rock-magma  there  are  of  course  many  other  factors  to  be 
taken  into  account  as  determining  the  order  in  n-hich  the  minerals 
separate;  for  example,  the  formation  of  botli  double  salts  and 
isomorphous  mixtures,  the  possible  production  of  unstable  solid 
compounds  which  may  become  converted  into  stable  compounds  or 
may  be  redissolved  soon  after  they  have  come  into  existence ;  and 
also  the  relative  velocities  of  crystallisaticm,  changes  of  temperature 
Hinl  pressure,  action  of  steam,  etc.  ;  but  the  principle  laid  down  by 
j\Ieyerhofter  must  be  that  which  controls  the  process. 

It  might  be  objected  that  on  this  hypothesis  the  consolidation 
ot  every  rock-mass  ought  to  terminate  with  an  eutectie  mixture, 
whereas  this  appears  to  be  by  no  means  the  case ;  in  fact,  it  is  only 
among  some  acid  rocks  that  structures  much  resembling  the  euteotic 
mixtures  of  alloys  are  to  b^  found.     On  the  other  hand,  if  the 
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oonditions  of  oooling  are  suoh  that  the  magma  beoomes  Buper- 
aatarated  with  one  mineral  after  another,  it  will  overshoot  the 
eateotio  oomposition  before  each  crystallises,  and  the  final  consoli- 
dation may  be  a  well-marked  sequenoe  instead  of  a  simultaneous 
orystallisation. 

The  controversies  which  have  raged  concerning  the  classification 
of  rooks  and  their  nomenclature  appear  to  me  to  contribute  little  to 
the  real  advancement  of  knowledge.  There  are,  I  think,  two  more 
profitable  lines  of  research  which  should  accompany  each  other. 
We  may  take  the  facts  as  we  find  them,  and  endeavour  to  explain 
them  by  the  known  laws  of  solutions  aided  by  the  phase-rule, 
provided  that  we  have  good  reason  to  believe  that  rook-magmas 
behave  like  solutions,  and  we  may  make  experiments  upon  slags  and 
fused  silioates  and  ascertain  how  far  they  resemble  natural  rocks  in 
their  behaviour  and  their  mineral  constitution.  Some  of  the  workers 
in  this  field  have  been  led  to  regard  rock-magmas  as  undoubtedly 
similar  to  ordinary  solutions ;  others  hesitate  to  seek  an  explanation 
for  their  features  in  the  laws  which  govern  the  solutions  studied  in 
the  laboratory.  The  two  views  are  represented  in  the  persons  of 
the  two  men  whose  names  are  most  closely  identified  with  recent 
experiments,  Vogt  of  Christiania  and  Doelter  of  Graz. 

(To  he  continued.) 

II. — MiNEBALOGlGAL   SoOIETT   OF   LONDON. 

MiNEBALOoiOAL  SooiETT,  June  14th,  1905.  Professor  H.  A.  Miers, 
F.ILS.,  President,  in  the  chair. — The  Chemical  Composition  of 
Lengenbachite,  by  Mr.  A.  Hutchinson.  A  quantitative  analysis  of 
the  new  mineral  from  tbo  Binnenthal,  recently  described  by  R.  H. 
Solly,  leads  to  the  formula  7  Pb  S,  2  As,  S„  part  of  the  lead  being 
replaced  by  silver  and  copper  and  part  of  the  arsenic  by  antimony. — 
The  Chemical  Composition  of  Hutchinsonite,  by  Mr.  G.  T.  Prior. 
Chemical  examination  of  this  new  and  extremely  rare  mineral  from 
the  Binnenthal,  described  by  R.  H.  Solly,  showed  that  it  could  be  added 
to  crookesite  and  lorandite  as  a  third  mineral  containing  the  rare 
element  thallium  as  an  important  constituent.  Quantitative  analysis, 
made  on  a  small  amount  of  material  (about  70  mgr.),  showed  the 
presence  of  about  20  per  cent,  of  thallium  and  suggested  the  formula 
(Tl,  Cu,  Ag),  S  As,  Sj  +  Pb  S  As,  S,.— The  identity  of  the  Amiantos 
of  the  Ancients  with  Chrysotile,  by  Dr.  J.  W.  Evans.  The  principal 
source  of  amiantos  appears  to  have  been  Cyprus.  Specimens  brought 
by  Prof.  Wyndham  Dunstan  from  the  ancient  workings  on  the  slopes 
of  Mount  Troodos  prove  to  be  chrysotile  and  not  tremolite  asbestos. 
A  chemical  analysis  by  G.  S.  Blake  confirmed  this  result. — Gnomonio 
Projection  on  two  Planes  at  Right  Angles,  by  Dr.  J.  W.  Evans.  By 
means  of  these  projections  and  the  rotation  of  one  plane  on  an  axis 
at  right  angles  to  the  other,  simple  solutions  of  crystallograpbio 
problems  are  obtained. — The  President  exhibited  supersaturated 
solutions  of  sodium  nitrate,  showing  the  transition  from  the  metastable 
condition,  in  which  crystallisation  is  only  possible  in  the  presence  of 
•oHd  crystals,  to  the  labile  condition,  in  which  the  Uc^vd  q.^w 
crystallise  spontaneously. 
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III. — PAUEOyrOQBAPHICAI.  SodKTT. 

The  fifty-eighth  annual  general  meeting  of  the  PabBontographicd 
Society  was  held  at  the  Geological  Society's  apartmenlB,  BailingtOB 
House,  on  Friday,  16th  June,  Dr.  Henry  Woodwsrd,  F.B.Sb, 
President,  in  the  chair.  The  annual  report  of  the  Cooocil  and  tiis 
balance-sheet  were  submitted  for  the  approval  of  the  memben,  and 
they  were  adopted  on  the  proposition  of  Sir  Archibald  Getkie, 
Sec.  R.S.  The  report  congratulated  the  Society  on  its  oontiniied 
prosperity,  and  alluded  to  the  activity  of  its  members  in  ths 
|)roniotion  of  research.  The  Council  were  still  embarrassed  bj 
TiK)re  offers  of  memoirs  than  they  could  accept  for  immediato 
publication,  and  they  had  again  spent  a  large  snm  beyond  their 
income  on  the  volume  for  1904.  This  volume  contained  an  nnnsnal 
arnonnt  of  letterpress  with  expensive  tables,  and  was  devoted  to 
con  tin  nations  of  the  Monographs  of  Old  Bed  Sandstone  Fishes, 
Inf^ffior  Oolite  Ammonites,  Carl)oniferous  and  Cretaceous  Lamelli* 
brancliH,  Girvan  Trilobites,  and  British  Graptolites.  The  Council 
liad  carofnlly  conHidered  the  financial  position  of  the  Society,  and 
bad  decided  to  issue  a  comparatively  small  volume  for  the  year 
1905.  They  propoHed  in  future  to  end  the  financial  year  on  31st 
December  inHtcad  of  '^Ist  March,  so  that  the  year  should  correspond 
exactly  with  the  period  to  which  the  annual  guinea  related.  They 
also  propoHed  that  in  future  the  price  of  the  annual  volume  to 
iion-subHcribers  should  be  twenty-five  shillings  net.  Dr.  Henry 
Woodward  was  re-elected  President,  and  Mr.  E.  T.  Newton  a  new 
Vioe-President ;  Dr.  G.  J.  Hinde  and  Dr.  A.  S.  Woodward  were 
r<;-*'Ie(;t<Ml  'J'n?asnrer  and  Socretary  respectively.  Professor  W.  J. 
SoIlaK,  Mr.  V.  W.  Ilariner,  and  Mr.  P.  Lake  were  elected  new 
inenil^crs  of  Council. 


coI^I^E:s:poiT3DEDS^CE. 

tup:   COIIRELATIOX  OF   THE  BOVEY  LIGNITE   BEDS. 

Sir, — In  tlio  periodical  disdiissions  that  take  place  on  the  Bovey 
Li^nito  IJods,  it  seems  always  taken  for  granted  that  the  late 
William  Penj^elly  believed  them  to  be  of  Miocene  age,  and  not 
connected  with  any  other  known  British  beds.  In  1S65  Pengelly 
])ublished  liis  paper  **  On  the  Correlation  of  the  Lignite  Formation  of 
Bovoy  Tracey,  Devonshire,  with  the  Hempstead  Beds  of  the  Isle  of 
Wif^ht"  (Trans.  Dev.  Assoc,  vol.  i,  pt.  4,  p.  90),  and  observed  that 
*'  tlioy  are  all  Lower  Miocene  or  all  Upper  Eocene ;  for  they  must 
certainly  go  together."  lie  tells  us  that  Mr.  Keeping,  who  made 
the  excavations  at  Bovey,  collected  for  him  plant  -  remains  at 
Hempstead,  and  that,  of  ten  species  secured,  four  occurred  at  Bovey, 
two  w(»re  new  to  science,  and  two  were  new  to  Hempstead.  One 
of  the  Hempstead  and  Bovey  plants  was  Sequoia  Couttsia, 

It  will  be  seen  that  thirty  years  ago  Pengelly  linked  the  Bovey 
and  Hempstead  Beds  together  as  what  are  now  known  as  Oligocene; 
but  Mr.  Starkie  Gardner  has  since  then  for  weighty  reasons  referred 
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the  Bovey  Beds  to  the  Bournemouth  hoHzon  as  Eooene.  My  reason 
in  writing  on  the  snhjeot  is  that  Pengelly's  Hempstead  flora  seems 
to  have  heen  overlooked.  Indeed,  in  a  recent  text-hook  I  cannot 
find  either  Hempstead  or  its  beds,  unless  Hempstead  has  turned  into 
Hamstead.^  As  the  collection  seems  to  have  been  specially  made  for 
Mr.  Pengelly,  and  he  recorded  it  in  a  paper  of  four  pages  in  provincial 
transactions,  its  burial  may  have  been  too  effective. 

With  regard  to  sands  suspected  to  be  of  Dartmoor  origin,  the 
question  can  be  readily  settled  by  the  character  of  the  inclusions  in 
the  quartz.  With  respect  to  the  Bovey  clays,  the  presence  of  the  kaolin 
at  Bovey  is  exactly  matched  by  its  absence  from  its  place  on 
Dartmoor,  where  there  is  much  evidence  of  the  dissolution  ai^d 
removal  of  the  felspar.  This  might  be  looked  for  with  a  semi* 
tropical  vegetation  and  much  consequent  carbonic  acid. 

Referring  to  the  Hev.  Osmund  Fisher's  interesting  note  about  the 
pink  felspar  crystals,  which  he  suggests  may  have  been  derived 
from  the  English  Channel  area,  he  might  be  interested  to  examine  the 
collection  of  rocks  from  the  English  Channel  which  were  graciously 
accepted  by  the  Woodwardian  Professor,  now  many  years  ago.  There 
was  no  evidence  in  the  Channel  of  rocks  likely  to  decompose  and 
liberate  pink  felspar  crystals.  No.  2,  with  ''large  pale  flesh- 
coloured  orthoclase  twins,"  is  a  hard  rock.  There  is  an  abundance 
of  red  felspars  on  Dartmoor,  ranging  from  a  dark  brick  red ;  but 
these  run  in  shades  of  red  rather  than  pink,  and  are,  so  far  as  I  am 
aware,  not  orthoclase.  Moreover,  if  associated  with  quartz,  they 
could  be  authoritatively  distinguished  from  the  Channel  felspars,  so 
far  as  those  are  known. 

I  feel  an  apology  is  due  for  my  thus  trespassing  on  your  space  on 
a  subject  which,  except  indirectly,  is  foreign  to  my  own  lines  of 
inquiry.  Of  the  Eocene  and  Miocene  floras  I  am  profoundly 
ignorant,  but  the  discrimination  of  sands  derived  from  the  Channel 
and  from  Dartmoor  is  a  simple  matter  in  many  cases.  If  sands 
contain  chlorides  we  may  be  sure  they  were  not  derived  from  rocks 
known  in  the  Channel ;  whereas  if  chlorides  are  entirely  absent  we 
may  be  equally  sure  they  do  not  hail  from  Dartmoor. 

The  problem  of  the  flora  is  as  follows : — According  to  Pengelly 
and  Keeping  the  Bovey  Beds  are  equal  tp  the  Hempstead  Beds,  and 
are  Tongrian.  According  to  Mr.  Starkie  Gardner  the  Bovey  Beds 
are  equal  to  the  Bournemouth  Beds,  and  are  Lutetian.  Hence, 
according  to  Euclid,  Tongrian  must  be  equal  to  Lutetian,  or 
Oligocene  =  Eocene,  "  which  is  absurd."  The  most  obvious  solution 
is  that  Euclid  is  a  discredited  text-book,  and  that  things  which  are 
equal  to  the  same  things  are  not  equal  to  one  another.  A  plausible 
explanation  would,  however,  assume  that  Pengelly  misnamed  his 
Hempstead  fossil  plants ;  but  it  is  clear  they  were  described  by  some 
expert  specialist,  as  new  species  were  detected.  A.  R.  Hunt. 

Jtayllth,  1905. 

'  [The  original  name  for  the  locality  in  the  Isle  of  Wight  is  Ilamstead,  whioh  was 
changed  by  the  Survey  into  Herapsteaa. — Edit.  Gbol.  Mao.] 
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PRE-GLACIAL  BEACHES   OF  BRIDLINGTON  AND  8.   OF  IKKLAND. 

Sib, — In  the  Joly  number  of  the  Gkologioal  Magazikk,  Mr.  A.  R. 
Hunt,  in  a  paper  on  <*  The  Oeological  Physios  of  the  Shallow  Seas,** 
oontrasts  the  pre-Olacial  beaohes  of  Bridlington  and  of  the  Soath  of 
Ireland,  and  says,  **  But  in  the  Irish  beaohes  ....  we  hare, 
mooh  further  south,  the  rook-platform  itself  ioe-soored,  affonling  no 
aooommodation  for  hippopotami."  These  ioe-soorings,  however,  oocor 
only  where  a  deposit  of  bonlder-olay  lies  immediately  on  the  plat- 
form, and,  whatever  may  be  the  direction  of  the  coast,  the  direotion 
of  the  striffi  on  the  platform  remains  parallel  to  those  occurriDg 
under  boulder-olay  on  higher  ground  inland.  Nothing  was  seen 
to  suggest  that  strisd  occurred  between  the  beach-platform  and 
the  beach-gravel,  or  that  the  beach-gravel  had  ever  been  disturbed 
by  ice  before  the  accumulation  of  the  lower  'head.'  The  stria?, 
therefore,  are  not  of  the  same  age  as  the  beach,  and  do  not  indicate 
the  prevalence  of  glacial  conditions  during  the  formation  of  the 
beach.  As  at  Bridlington,  the  beach  ''need  not  represent  so  oold 
a  climate  as  that  which  followed."  In  this  point,  as  in  so  many 
others,  the  South  of  Ireland  pre-Glacial  beach  agrees  with  that  of 
Bridlington.  Consequently  there  is  no  reason  from  considerations 
of  climate  why  the  Irish  cave  fauna  should  not  be  found  in  the  Irish 
coast-sections  in  a  position  similar  to  that  of  the  mammalian  remains 
in  the  Bridlington  section.  Nor  do  the  ''shells  with  a  southern 
range  on  Devonshire  beaches  of  the  same  levels  "  afford  an  obstacle 
to  the  correlation  of  these  with  the  Irish  beaches.  The  erratic 
pebbles  found  in  the  Irish  beaches  are  not  against  this  correlation, 
since  erratics  are  also  found  in  the  Devonshire  beaches. 

Glencoe.  n.  Brantwood  Muff. 

July  22«rf,  1905. 


MUSEUM  BOLTENIANUM,   PART  2,  1798. 

Sir, — The  rarity  of  part  2  of  this  work,  which  relates  to  Mollusca, 
is  well-known  to  students.  In  response  to  a  number  of  enquiries  it 
is  proposed  to  reproduce  a  few  copies,  by  photographic  facsimile, 
from  the  Crosse  copy  now  in  the  British  Museum  (Natural  History). 

The  large  number  of  pages  (204)  must  render  this  a  somewhat 
costly  task,  and  we  should  be  glad  to  know  if  any  of  your  readers 
would  care  for  a  copy  to  be  reserved  for  them  at  the  price  of  £2 
per  copy. 

The  work  would  be  done,  under  our  supervision,  by  Mr.  F.  W. 
Reader. 

The  issue  will  be  limited,  numbered,  and  signed,  and  oould  be 
prepared  for  distribution  during  the  Autumn. 

It  must  be  clearly  understood  that  unless  sufficient  subscribers  are 
forthcoming,  no  issue  can  be  made. 

Any  intending  subscriber  should  address  Mr.  E.  R.  Sykes,  3, 
Grays  Inn  Place,  Grays  Inn,  London. 

E.  R.  Sykks. 

Jum,  190j.  C  Da  vies  Shkrbobn. 
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I. — ^NOTSS    ON    THB    QsOLOOIOAL    HOBIZOM    AMD    PaUBOHTOLOGT   OV 
THB    'SOAPSTONB    Bkd/    IN    THE    LOWEB    OOAIfMBACOBtt,    NSAB 

Ck)LNN,  Lanoashibb. 

By  HvEBiRT  BoLTOK»  F.B.S.E.,  Curator  of  the  Natural  History  Miueiim,  Bristol. 

rE  '  Soapetone  bed,'  whioh  has  yielded  the  specimens  about  to 
be  desoribed  by  Dr-  Henry  Woodward,  was  so  named  by  the 
late  QeoTgd  Wild.  It  is  a  thin  band  of  light-grey  shale  lying  from 
4  to  7  feet  above  the  'Mountain  Four  Feet'  mine  in  the  neighbourhood 
of  Colne  and  Trawden. 

Hie  shale  contains  an  abundance  of  small  flattened  nodules, 
varying  in  size  from  half  an  inch  to  six  inches  in  length,  and  from 
half  an  inch  to  two  and  a  half  inches  in  breadth.  The  vertical 
thickness  rarely  exceeds  an  inch  and  a  half.  The  shale  readily 
breaks  down  into  a  soft  unctuous  clay  on  weathering,  whilst  the 
outer  surface  of  the  nodules  undergoes  oxidation  and  breaks  away  in 
thin  coats.  The  nodules  consist  of  earthy  carbonate  of  iron,  and  it 
18  to  the  oxidation  of  the  latter  that  breaking  up  takes  place  by 
a  process  of  concentric  scaling. 

JSetween  the  '  Soapstone  bed '  and  the '  Mountain  Four  Feet '  mine 
are  black  shales  with  dark  ironstone  nodules  often  full  of  Ooniatiies, 
Pterinopeeten,  eta  The  horizon  from  the  top  of  the  coal-seam  to  the 
'  Soapstone  bed '  is  the  most  prolific  in  organic  remains  in  the  Lower 
Coal-measures,  in  whatever  locality  it  may  be  met  with. 

Whilst  the  horizon  of  the  Soapstone  nodule  bed  is  constant  over 
a  large  area,  the  beds  immediately  subjacent  to  it  are  not.  The 
Mountain  Four  Feet  mine,  upon  which  it  rests  under  and  around 
the  whole  of  the  Burnley  coalfield,  is  seen  when  traced  southwards 
to  be  formed  by  the  union  of  two  coal-seams,  the  '  Gannister  mine ' 
and  the  '  Bullion  mine '  respectively.  These,  in  the  Bossendale  area, 
are  separated  by  a  thickness  of  40  feet  of  sandstone  and  shale,  which 
thins  out  along  a  north-west  and  south-east  line  between  Bacup  and 
Burnley,  the  thinning  out  being  due  to  the  curving  upwards  of  the 
lower  or  Gbmnister  seam  to  meet  the  overlying  Bullion  mine. 

OlOADl  T. — TOL.  n.^SO.  X.  *I% 
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Although  the  Bullion  mine  can  be  traoed  soathwards  to  Oldham, 
westwards  to  Padiham,  and  over  tho  whole  of  Boesendale,  its  prolific 
jield  of  foasila  both  ia  nodules  and  in  the  sUTTonndiag  shales  ia 
everywhere  remarkable.  The  '  Soapstone  bed '  has  not  been  reo(^- 
Diaed,  however,  outside  the  Burnley  area,  but  the  ooourranoe  of  an 
AraohDide,  .^  re  Attar  but  labovalii,  fnta  this  level  at  Padiham,  would 
seem  to  indioate  its  preeaDoe  there. 

Tha  ahalee  lying  upon  the  Bullion  seam  outside  the  Bnrnl^ 
diatriot  and  those  lying  upon  the  Mountain  Four  Feet  in  that  ax» 
aie  thus  one  continuous  deposit,  and  have  yielded  more  than  thirty- 
five  species  of  foesils.  The  chief  repository  of  fossils  lies  betwem 
the  roof  of  the  ooal-aeam  and  the  '  Soapstone  bed.'  Above  the  latter 
there  is  a  marked  falling  off  in  genera  and  species. 


Diagrammatio   Section  showing  po«  tion  of     Soapstone  bed    and  relation  of 

the  '  Mountnin  Four  t'e  t   U  the    Bull  on    and    Ganniatar   manes 
th.  Bhnle;  ».  Sonpstonc  bed    bal   ,    n    Mountu  n  Four  F^t  mne,  /  fireclaj  ; 
itn.  Bulliun  mice ;  m.  sanditone;  gm.  GoQiiistor  minuj  r,  Gaunister  mck. 

The  nodules  of  the  '  SoapBtone  bed  '  are  usually  of  small  size,  the 
average  being  about  two  inches  long  by  one  and  a  quarter  inches 
wide.  The  great  bulk  of  them  contain  a  compact  mass  of  the 
Qoniatite,  Bimorphocerae  GUberl»oiti,  Phillips,  varying  in  diameter 
from  that  of  a  millet-seed  to  fifteen  millimetres,  the  latter  size  being 
rare.  More  rarely,  the  nodules  contain  bones  and  scales  of  fishes, 
and,  inrest  of  all,  examples  of  Arachnids,  Myriopoda,  Crustacea,  and 
Amphibia.  A  census  of  the  Lower  Coal-measure  fauna  was  drawn 
up  two  years  ago  by  the  writer,  from  which  the  following  lists  of 
fossils  occurring  in  the  shales  between  the  coal-seam  and  the  '  Soap- 
stone  bed  '  and  in  the  '  Soapstone  bed '  itself  have  been  extracted. 
Shales  oveb  'Foub  Fkbt'  anh  'Bullion'  Mines. 


Bifcina  urUciilarU,  BoHon. 
Lingu/a  mi/lihidct,  Sow. 
FiuidoHkUa  larh,  Brown. 

„         tuhqundrala,  Uind. 

,,         liev\gala,  Salter. 
Plerintipecleit  pepyrama.  Sow. 
Rophiitema  I})  oriiala,  Doltan. 
A'alieopsit  glabularii,  Bolton. 
Olyphiteirtu  paunlobam,  Vl^ip. 


I  Qilbertioai,  PylUps, 
uassriucerat  carionarium,  von  Bucb. 

„  Lislei'i,  Martin. 

„  eoronalum,  Foord  &  Crick. 

Acatnht4ii  Wardx,  Egertnn. 
Littratanlhanpinatut.  Bolton. 
Rhhodoptit  tauroida,  WJlliamsoD. 
CalQcmllmt  clegani,  Sewbcrry. 
Elmitlilhjii  lemiiiriatiH,  Traquair. 
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IHmorphoeerM  Oilhertsoni,  Phillipe.  Aeanthode»  Wardi,  £c«rton. 

Pygoeephalm  Cooperiy  Huxley.  EUmiehthyt  Aitkeni^  Traquair. 

Preatwichia  rotundata,  H.  Woodw.  ffylonhmus  Wildi^  A.  S.  Woodward. 

Arehitarbtu  suhovalis,  H.  Woodw.  Microsaurian  remains  unidentified. 
HyhodopttM  Wdrdi,  Barkas. 

It  will  be  seen  that  the  fauna  of  the  *  Soapstone  bed '  differs 
markedly  from  that  of  the  underlying  shales,  although  a  few  forms 
are  common  to  the  two. 

Further  examination  of  the  bed  oannot  now  be  made  in  the  neigh- 
bourhood of  Carre  Heys,  as  the  mines  have  been  lone  abandoned, 
and  nothing  remains  bat  the  grass-grown  spoil-heaps  of  debris  now 
reduced  to  a  condition  of  soft  clay  in  which  the  small  nodules  can 
occasionally  be  found. 

The  following  list  includes  most,  if  not  all,  of  the  allied  genera  and 
species  already  recorded  from  the  Lancashire  Coal-measures  : — 

Anthrapalamon  Htheridgei,  Peach,  Trans.  B.  S.  Edinb.,  1880, 
vol.  XXX,  pp.  76-78,  pi.  viii,  figs.  3a-g, 

A  cephalothorax  of  this  species  was  found  high  up  in  the  Lower 
Coal-measures  of  Cunt  Clough,  near  Burnley,  in  1884. 

JPygocephahiB  Coopert,  Huxley,  Quart.  Journ.  Geol.  Soc,  1857, 
vol.  xiii,  p.  363,  pi.  xiii;  1862,  vol.  xiv,  p.  xoi;  vol.  xviii, 
p.  420;  see  also  H.  Woodward,  Trans.  Geol.  Soc.  Glasgow, 
1866,  vol.  ii,  p.  234. 

Found  by  the  late  George  Wild  in  the  '  Soapstone  bed,'  above  the 
Mountain  Four  Feet  coal,  at  Carre  Heys,  near  Colne.  A  second 
specimen  has  been  found  in  the  Middle  Coal-measures  of  Medlock 
Park  Bridge,  near  Ashton-under-Lyne.  Both  examples  are  in  the 
Manchester  Museum  of  Owens  College.  A  third  specimen  has 
been  found  by  Messrs.  Baldwin  and  Sutdiffe  in  an  ironstone  nodule- 
band  occurring  60  yards  above  the  Royley  or  Arley  mine  at  Sparkh 
Bottoms,  Bochdale.' 

Arthropleura    {olim    Eurypterus)    mammata,^    Salter,   1863,   Quart. 

Journ.  Geol.  Soc,  vol.  xix,  p.  84. 

Fragments  of  this  species  belonging  to  the  bead,  lateral  portions 

^  See  Catalogue  Type  Fossils  in  Museum  Handbook  of  the  Owens  College 
Museum,  Manchester,  oy  II.  Bolton,  1893,  where  on  p.  23  is  a  description  and 
figfure  of  the  type-specimen  of  Pygocephalus  Cooperi,  Huxley.  Eight  specimens  of 
this  species  have  been  obtained  by  the  British  Museum  (Natural  History)  from 
Coseley  Coalfield,  near  Dudley,  in  Mr.  Henry  Johnson's  collection,  etc. 

'  Remains  of  this  genus  have  been  discorered  by  Mr.  James  McMurtrie,  F.G.S., 
in  the  Coal-measures  of  Radstock,  Somerset,  and  by  Mr.  J.  W.  Eirkby  in  the 
Coal-measures  of  Fifeshire.  They  agree  (according  to  Dr.  Woodward)  most  closely 
with  the  Arthropleura  armata  of  Jordan  from  the  Coal-measures  of  Saarbruck, 
Rhenish  Prussia  (see  Palaeontographica,  1856,  Bd.  iv,  Taf.  2,  figs.  4  and  6),  ana 
from  their  peculiar  pustulate,  mammate,  and  spinous  ornamentation  may  prore,  when 
more  remams  have  been  obtained,  to  be  parts  of  the  body-segments  of  a  large 
Arachnid.  See  Pal.  Soc.  Mon.  Merostomata,  by  H.  Woodward,  pt.  iv,  1872, 
pp.  163-168;  ef,  also  figure  and  description  of  Eurypterus  seabrosus^  H.  W., 
irEOL.  Mao.,  1887,  pp.  481-484,  PL  XIII,  from  Lower  Carboniferous  shales, 
£skdale,  Scotland. 
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of  the  body-segments,  and  parts  near  the  tail  were  found  at  the  pit 
top  of  Pendleton  oolliery  by  Messrs.  Gibbs  and  Bhind.  Tha 
horizon  was  afterwards  fonnd  to  be  the  '  ferny  metal '  under  the 
Big  Coal  or  Bams  Mine. 

Cydus  Johnsoni,  H.  Woodward,  Okol.  MaGw,  1894^  p.  537,  PI.  XY, 

Figs.  4^-7. 

A  single  specimen  is  recorded  from  the  roof  of  the  Fairbottom 
Mine  in  the  Middle  Coal-measures  at  Bardsley,  near  Oldham. 

Cydus  Scotti,  H.  Woodward,  Oiol.  Mag.,  1893.  p.  28  (woodcut) ; 
ibid.,  1894,  p.  637,  Text-figure,  and  PI.  XV,  Fig.  3. 

The  type-specimen  of  this  species  was  found  by  the  late  George 
Scott  in  shale  over  the  Gtmnister  coal  at  the  Old  Meadows  colliery, 
Bacnp,  Lancashire  (now  preserved  in  the  Owens  College  Mnseom, 
Manchester). 

Prestmchia  rotundata,  H.  Woodw.,  Quart  Joum.  Geol.  Soo.,  1867, 

vol.  xxiii,  pL  i,  fig.  1. 

An  example  of  this  species  is  in  the  Kay-Shuttleworth  Collection 
of  the  Manchester  Museum.  It  was  obtained  from  Padiham,  near 
Burnley,  and  although  its  precise  horizon  is  not  recorded  the  writer 
regards  it  as  undoubtedly  just  above  the  Mountain  Four  Feet  mine. 

Prestmchia  Btrtteelli,  H.  Woodw.,  Gbol.  Mao.,  1872,  Vol.  IX,  PI.  X, 
Figs.  9  and  10;   Pal.  Soc.  Mon.  Merostomata,  part  v,  1878, 
p.  247,  pl.  xxxi,  figs.  7o-<j. 
From  the  Cornfield  Pit,  Biver  Calder,  Padiham,  near  Burnley. 

Bellinurus  beVidus^  Konig,  1820  (o/im  Limulus  tnlobttoides,  Buckland, 
1886),  H.  Woodw.,  Pal.  Soc.  Mon.  Merostomata,  part  v,  1878, 
p.  239,  pl.  xxxi,  figs.  3a,  b, 

A  specimen  of  this  species  was  obtained  many  years  ago  from 
Coal-measures  at  Oldham,  and  deposited  in  the  old  Natural  History 
Museum  in  Manchester.  No  horizon  was  stated,  and  the  specimen 
cannot  now  be  traced. 

A  second  specimen  has  been  found  by  Messrs.  Baldwin  and 
Sntclifie  at  Sparth  Bottoms,  Eochdale,  where  it  occurred  136  feet 
above  the  Boyley  or  Arley  mine  of  the  Middle  Coal-measures. 

Arachnid  A. 

Architarbus   subovalts,   H.   Woodw.,   Geol.   Mag.,   1872,   Vol.  IX, 

p.  385,  Pl.  IX,  Figs,  la,  b. 

The  type  of  this  species  was  described  by  Dr.  Henry  Woodward 
in  1872,  the  specimen  occurring  in  a  clay-ironstone  nodule  lying 
about  four  feet  above  the  *  four  feet  mine '  or  *  bone-coal  *  of 
Padiham.  The  horizon  here  given  is  that  of  the  Soapstone  bed,  the 
'  four  feet  mine '  being  the  Mountain  Four  Feet 


^  Dr.  F.  A.  Bather  Buggeets  that  this  specimen  ought  to  be  called  Bellwwrus 
natuif  Mart 
cu/m)  itmatus 


lunatuty  Martin,  sp.,  having  been  described  by  that  author  as  Entomolithtu  (MomO' 
in  his  (Martm'p.)  **  Ye\i\%t«L\aiIici\ivw^\a"  in  1809,  pl.  xlv,  fig.  4. 
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SOOBPIONIDJB. 

BoseorpiuB  Sparthensia,  Baldwin  Ss  Sotoliffe,  Quart.  Jonrn.  Gleol.  Sbo., 
1904,  vol.  Ix,  pp.  394-399,  figs.  2  and  3  in  text 

The  type  of  this  speoies  was  foand  by  Messrs.  Baldwin  and 
Satoliffe  at  Sparth  Bottoms,  Rochdale,  at  135  feet  above  the  Royley 
or  Arley  mine  of  the  Middle  Ooal-measnres.  (It  is  now  in  the 
Rochdale  Mnsenm.) 

Mtbiopoda. 

Euphoheria  Browni,   H.   Woodw.,»  Geol.  Mao.,  1871,  Vol.  VIIX, 

pp.  102-104,  PI.  Ill,  Fig.  6. 

Foand  in  shale  in  which  the  fossil  tree  trunks  occur  at  Dixon  Fold 
on  the  Lancashire  and  Yorkshire  Railway.  The  horizon  is,  I  believe, 
that  of  the  shales  lying  over  the  Doe  mine  in  the  Middle  Coal-measures. 

Euphoheria  ferox,  Salter,'  sp.,  1863. 

Remains  of  this  species  were  found  in  association  with  Arth^O' 
pleura  mammata  at  the  pit  top  of  Pendleton  colliery,  the  horizon 
being  the  '  ferny  metal  *  under  the  '  Big  Goal '  or  Rams  mine  of  th^ 
Middle  Coal-measures.  It  has  also  been  found  by  Messrs.  Sutcliffe 
and  Baldwin  at  Sparth  Bottoms,  45  yards  above  the  Royley  mine. 

Xylobius  sigiUaria,  J.  W.  Dawson,'  1860,  Quart.  Joum.  Geol.  See., 

vol.  xvi,  pp.  268-277. 

A  specimen  (speoies  undeterminable)  is  in  the  Manchester 
Museum,  having  been  obtained  from  the  waste-heaps  of  the  Ashton 
Moss  colliery  by  Mr.  Robert  Cairns. 

Insectaare  represented  by  an  imperfect  specimen  of  a  Neuropterous 
insect  from  47  yards  above  the  Royley  or  Arley  mine  at  Sparth 
Bottoms,  Rochdale,  and  a  doubtful  larval  form  of  Moblaitina  from 
about  60  yards  over  the  Royley  or  Arley  mine  at  the  same  place. 
Both  specimens  were  found  by  Messrs.  Baldwin  and  Sutoliffe. 


II. — NoTSS  ON  SOMV  Cbustaoeans  and  two  Myriopods  from  thb 

LOWRB  COAL-MEASUBBS   NBAB   CoLNB,    LaNOASHIBB. 

By  Hen&t  Woodward,  LL.D.,  P.R.S.,  P.G.S. 

BY  the  courtesy  of  my  friend  Mr.  Herbert  Bolton,  the  Curator 
and  Secretary  of  the  Bristol  Museum,  several  specimens  have 
been  placed  in  my  hands  for  examination.  They  were  collected  by 
Mr.  Peter  Whalley  from  the  *  Soapstone  bed,'  a  little  distance  above 

^  The  type-specimen  was  obtained  by  the  late  Mr.  Thomas  Brown,  of  Glasgow,  in 
a  clay-ironstone  nodule  from  the  Coal-measures  of  Kilmaurs. 

*  Described  as  a  Eurypterns  by  Salter,  Quart.  Joum.  Geol.  Soc.,  1863,  vol.  xix, 
p.  86,  really  a  spined  Myriopoa;  see  n.  Woodward,  **  Myriopods  of  the  Coal 
Period,"  Gbol.  Mao.,  1887,  pp.  1-10  and  116-117  (figs,  in  text). 

'  A  ChOognathous  Myriopoa  from  the  hollow  trunk  of  an  erect  Sigillaria  in  the 
South  Jogglns  Coalfield,  Nova  Scotia.  This  genus  was  first  found  in  Scotland  by 
Mr.  Thomas  Brown  in  the  Coal-measures  of  Ailmaurs,  and  described  by  Dr.  H. 
Woodward  in  Trans.  Geol.  Soc.  Glasgow,  1866,  vol.  ii,  p.  234,  pi.  iii,  fig.  11. 
A  second  specimen  from  the  clay-ironstone  band.  Cooper's  Bridge,  was  obtained  by 
Mr.  Joseph  Tindall,  of  Iluddersfield,  and  figured  on  the  same  plate  (op.  cit.),  figs.  13 
and  13a.  Noticed  by  Mr.  Edward  Binney,  F.R.S.,  Trans.  Lit.  and  Phil.  Soc. 
Manchester,  Jan.  8th,  1867;  see  Geol.  Mao.,  1867,  Vol,  IV,  ^,  U1. 
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the  'Bullion  Mine'  (or  'Mountain  Four  Feet'),  on  the  hill  near 
Oolne,  Lancashire,  and  he  permits  me  to  figure  and  deaorihe  them. 

All  the  specimens  are  enclosed  in  small,  elliptical  nodules  of  clay- 
ironstone,  evidently  formed  around  the  organisms  by  a  process  of 
concretionary  action  at  the  time  of  their  embedment  in  the  sediment 
forming  the  layer  in  which  the  nodules  occur,  the  fossils  being,  as 
nsual  in  such  cases,  exposed  by  splitting  the  concretions  open  {dong 
their  periphery. 

CBVSTACEA. 

DECAPODA— Macroura. 

1.  Amthrapaiismon  serratus,  H.  Woodw.,  sp.  nov. 

(Text-fig.  1.) 

This  specimen  is  represented  by  only  a  portion  of  one  side  of 
a  nodule ;  the  remainder  and  counterpart  are  alike  wanting. 

The  Crustacean  is  disposed  longitudinally  on  the  split  surface  of  the 
matrix,  and  is  90  millimetres  in  length,  of  which  the  cephalotborax 
measures  50mm.  long,  and  the  five  abdominal  segments  40  mm.; 
the  rostrum,  which  is  smooth,  sharply  pointed,  ridged,  and 
slightly  curved  downwards  in  front,  is  20  mm.  in  length,  the 
anterior  border  on  the  left  side  is  11mm.  broad;  the  antennules 
and  antennsd  are  only  imperfectly  preserved ;  the  outer  antenna  was 
furnished  with  a  broad,  recurved  spatulate  scale  14  mm.  in  length. 
The  outer  latero-anterior  margin  bears  four  short  serrations,  but  the 
rostrum  appears  to  have  been  quite  smooth.  Only  four  of  the  five 
pairs  of  ambulatory  legs  are  imperfectly  preserved,  but  the 
presumably  larger  anterior  chelate  pair,  if  present,  are  not  visible  iu 
the  fossil. 

The  latero-posterior  border  of  the  carapace  is  slightly  rounded  off, 
and  the  margins  raised  and  thickened.  The  median  line  of  the  five 
abdominal  segments  is  slightly  raised,  and  the  lateral  margins 
truncated.  If  epimeral  pieces  existed  to  these  segments  they 
are  hidden  in  matrix  or  are  not  now  preserved.  The  caudal 
segment  and  appendages  are  wanting.  The  surface  of  the  body- 
segments  is  finely  punctate;  the  surface  of  the  cephalothoracic  shield 
has  doubtless  adhered  to  the  other,  lost  side  of  the  split  nodule. 
A  very  small  maxilliped  with  a  three-jointed  palpus  attached  appears 
lying  on  the  surface  of  the  cephalotborax  where  the  carapace  has 
been  removed  (unfortunately  this  is  not  shown  in  Fig.  1). 

This  specimen  approaches  most  nearly  to  Dr.  B.  N.  Peach's 
AntJirapalannon  Etheridgei  ^  from  the  Carboniferous  rocks  of  Eskdale, 
but  in  the  latter  the  rostrum  bears  a  row  of  four  or  five  well-marked 
small  spines,  and  the  extremity  is  also  serrated  on  each  side,  the 
antennal  scales  are  more  oval  in  form,  not  so  obliquely  curved  aud 
spatulate  as  in  our  specimen,  nor  is  the  border  of  the  cephalotborax 
serrated  along  the  latero-anterior  margin  as  in  this  example  from 
Colne.  I  am  therefore  inclined  to  separate  this  form  specifically, 
giving  it  the  trivial  name  of  serratus, 

^  Trans,  R.  S.  E(iiii\3.,  l^%0,\o\.ia3.,\i^.'i<i-1S,\4LTiii,  figs.  3a-^. 
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Locality  and  formation :  ■  Soapstone  bed,'  a  little  distanoe  abore 
tha  Bollion  Mine,  Colne  Hill,  Lanoasbire.  Lower  Coal-measarea. 
CollectioD  of  Hr.  Peter  Wballer. 

2.  Anthbapalxhon  Woodwasdi,  B.  Etheridge,  jun.,  1879. 

(Text-fig.  2.) 

Quart.  Jodtu.  Oeol.  Son.,  1879,  vol.  uir,  p.  498,  pi.  uiii,  figs.  4-9. 

Among  a  number  of  Lower  Carboniferous  CrnBtaceans  from  the 

oement-atone  of  the  Caloiferous  Series  near  New  Castleton.  Roxburgh- 

flhire.  Mr.  Robert  Etheridge  figured  and  deaoribed,  in  1879,  Beveral 


Fio.  I. — Anlhrapalanua  urratta,  H.  'Wood*.,  tp.  hot.    Enlarged  U  nat.  me. 

SoapAtone  bed,  Lower  Coal  -  measuree :     Carre  Ueye,   Colne,  Lancasliire. 

a',  BnteDnale  ;  t,  scale  at  base  of  antenna ;  r,  rostrum  ;   o,  eye  ;  ab,  abdomen. 
FlO.  2. — Anthrapalttman  Woodmardi,  K.  Gtberidgc,  jun.,  1879.     Fonuntion  aod 

loo.  MUDe  as  Fig.  I.     a',  antennule;  a",  antenna;  o,  stollied  eye;  ef,  cervical 

furrow ;  t,  cephalothoroi ;  ab,  abdomen ;   (,  telson  or  caudal  seguieut. 

examples  which  ho  referred  to  this  epeoies  (originally  figured  from 
a  leas  perfect  example,  Quart  Joum.  Qeol.  Soo.,  1877,  voL  xxxiii, 
p.  872,  pi.  xxTii). 

The  following  is  Mr.  Etheridge'a  deeoription  : — 

"  Sp.  char.  Carapace  obloug,  narrowing  towatda  the  anterior 
part,  and  divided  into  two  unequal  portions  by  the  cervical  groove, 
the  posterior  being  the  largest ;  relative  convexity  unknown. 
Anterior  lateral  margins*  not  apiuoue  and  without  serrations;  posterior 
lateral  angles  rounded  ;  posterior  margin  concave.  Cervical  groove 
strongly  marked  and  widely  V-shaped.  Middle  line  of  the  carapace 
>  Produced  at  octeni-lalerBl  angl««  into  a  spine  (see  Fig.  2  sl>ave\. 
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ooonpied  by  a  strong  ridge  oontmnons  with  the  roBtmm  and  «!• 
tending  to  the  posterior  margin,  and  flanked  on  each  aide  by  t 
straight  or  slightly  ourved  lateral  ridge  extending  from  the  frtMntd 
border  to  the  posterior  margin.  Like  the  central  one,  these  ridges 
are  minntely  orenulated.  That  portion  of  the  oarapaoe  anterior  to 
the  cervical  groove  is  crushed,  and  cannot  satisfactorily  be  made 
out"  [Mr.  Etheridge  thought  this  form  probably  possessed  t 
prominent  rostrum,  but  the  figures  given  on  his  pi.  zxiii,  op.  cit, 
do  not  represent  anything  more  than  a  very  slight  double  spine.^] 

''Magella  of  the  antennsd  bent  obtusely  outwards,  composed  of 
numerous  minute  subdivisions.  AntennsB  having  a  peduncle  or 
protopodite  of  four  segments,  and  terminating  in  two  slender 
filamentous  whips.  First  pair  of  chelate  appendages  probably 
present,  small,  elongate.  Eyes  large  and  reticulated.  Abdominal 
segments  six  in  number,  with  pointed  pleurso'  and  a  well-marked 
central  line  extending  throughout  their  whole  length,  and  corre- 
sponding with  the  central  ridge  of  the  carapace;  articular  area 
small,  but  distinctly  visible,  defined  by  a  small  transverse  ridge  on 
each  segment.  Telson  primarily  consisting  of  a  central  hastiform 
plate,  flanked  on  each  side  by  two  lateral  caudal  swimming-lobes, 
which  arise  from  and  are  articulated  to  the  sixth  segment  of  the 
abdomen." 

I  do  not  think  I  need  add  a  further  description  to  that  by 
Mr.  Etheridge.  The  impressions  left  by  the  rather  large  eyes,  the 
basal  joints  of  the  antennules,  and  the  outer  antennsd,  with  portions 
of  their  flagellaa,  can  be  made  out.  The  small  limbs  are  not  pre- 
served in  this  specimen,  nor  the  chelate  anterior  pair. 

Length  of  Mr.  Whalley's  specimen  65  mm.,  length  of  cephalo- 
thorax  33  mm.,  breadth  22  mm.,  length  of  five  abdominal  somites 
20  mm.,  length  of  second  abdominal  segment  7  mm.,  length  of  caudal 
plates  10  mm.  (probably  longer). 

Locality  and  horizon  :  Colne  Hill,  Soapstone  bed,  Lower  Coal- 
measures.     Original  specimen  in  Mr.  Peter  Wballey's  collection. 

3.    ANTHBAPALiBMON   TbAQUAIEII  (?),    Pesch. 
Trans.  Roy.  Soc.  Edinburgh,  1880,  toI.  xn,  pt.  1,  p.  80,  pi.  x,  figs.  6«-/. 

In  Mr.  Whalley*8  collection  is  a  rather  large  Arthropod,  probably 
referable  to  Dr.  Peach's  species  A,  Traquairii,  from  the  Lower 
Carboniferous  rocks  of  Eskdale.  The  specimen  is  very  obscure,  and 
I  have  therefore  not  figured  it ;  but  a  brief  note  may  serve  to 
record  it,  and  to  stimulate  further  research,  which  it  may  be  hoped 
will  result  in  the  obtaining  of  more  perfect  material  for  study. 

The  whole  animal  measures  8J  cm.  in  length,  by  2  cm.  in  breadth. 
The  carapace  is  3  J  cm.  long,  and  appears  to  have  slipped  forward 
in  the  matrix  (when  soft)  exposing  2  cm.  length  of  the  uncovered 
thoracic  region  with  the  imperfectly  preserved  thoracic  limbs;  behind 
these,  again,  are  the  traces  of  the  five  abdominal  somites  ;  the  nodule 

^  The  presence  of  a  rostrum  is  not  confirmed  hy  Mr.  Whalley's  specimen,  and 
I  am  doubtful  whether  this  species  had  a  prominent  rostrunu 
'  The  pleurse  cannot  be  seen  in.  Mr.  "Wncdley's  specimen. 
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li>s  bMn  tninoated  jast  where  the  candal  appendages  woold  join  the 
abdominal  Momenta.  The  oarajwoe  is  rounded  posteriorly,  and  the 
oerrioal  farrow  is  well-marked.  There  is  also  a  median  dorsal 
farrow  down  tfae  oaotrs  of  the  oarapaoe.  The  limbs  are  very 
imperfect.  Two  obsouraly  defined  scale-like  bodies  are  present  in 
front  of  the  head. 

We  oan  only  hope  for  better  material  from  the  Soapatone  nodnlM, 
to  enable  one  to  determine  tbia  interestiDg  fossil. 

Looali^  and  formation,  the  same  as  the  preoeding  specumens. 

TBACHSATA  (Air-bnathen  of  the  Coal  Feriod). 

AECHIPOLYPODA,  Scudder. 

Fam.  3. — Edphobbbid^  Scudder. 

Qenos  EUPHOBEBIA,  Meek  Se  Worlfaen. 

Pslsontolaf;  ol  lUiiiou,  1S68,  p.  SS6. 

1.  EuPHOBEBiA  BaowMti,  H.  Woodw.,  1871. 

0ml.  Mao.,  Vol.  Till,  Fl.  Ill,  Figs.  6»-e  (in  cUyironttone,  Ooal.mMmrMt 

Eilmann,  near  Glaigow). 

The  specimen  from  Mr.  Peter  Whalley's  colleotioo  of  whiob 

a  figure  is  pven  here  (Fig.  3}  is  identical  with  EHpkohwia  Bromii, 

from  Kilroanrs,  figared  and  described  by  me  In  1871. 


■Pio.  Z.—E«p>u>ieria  Snwfnii,  11.  Woodw.,  IB71.  Enlarged  twiee  natural  Due. 
From  Soapatane  bed,  Coal  -  meiuaree  :  Carre  Hen,  Colne,  Lancaibira. 
di,  Aonal  surface ;  It,  bases  of  spines ;  p,  p,  walking-lcet. 

Both  sides  of  the  nodule  from  Colne  Ilill  are  preserved  and 
expose  a  coiled  up  Myriopod,  having  JnilioationB  of  a  head  and 
aboat  30  eqaal-sized  segments,  each  composed  of  a  saddle-shaped 
plate  rounded  at  its  lower  edge,  covering  the  dorsal  region  and 
haviog  a  raised  rounded  border  before  and  behind ;  the  inter- 
locking posterior  smooth  border  is  of  equal  breadth  behind  tha 
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saddle,  the  smooth  margin  of  which  passes  ander  the  suooeeding 
segment;    at  the  lower  lateral  rounded  horder  of  each  saddle- 
shaped  plate  the  base  of  a  roand  spine  (?)  is  seen  broken  off; 
occasionally  the  base  is  double.     Some  of  the  saddle-plates  have 
a  third  additional  ridge  upon  them.     Below  each  saddle-shaped 
dorsal  plate  are  two  smaller  ventral  plates,^  also  ridged,  to  each  of 
which  a   pair  of  slender,  six-  or  seyen-jointed  walking-limbs  n 
articulated.     The  saddle-plates  of  the  segments  nearest  the  head 
have  a  delicate  crenulation  along  their  raised  margins.     The  head 
has  two  rounded  lobes,   which  are  probably  the  eyes,  although 
the  facets  are  not  very  distinct.     The  last  segment  (telson?)  it 
smaller  than  the  rest  and  appears  to  be  somewhat  semicircular  in 
form ;  quite  15  to  20  pairs  of  jointed  ambulatory  appendages  can  be 
made  out,  two  pairs  being  attached  to  each  double  segment 

Measured  around  the  curve  of  the  coiled-up  specimen  the  body  is 
8  centimetres  in  length ;  the  segments  10  mm.  deep  and  about  8  mm. 
long;  the  walking-legs  are  about  10mm.  in  length.  There  is 
a  secoDd  specimen  in  Mr.  Whalley's  collection,  with  counterpart 
(broken  ofif  at  each  end),  which  measures  3  cm.  in  length. 

Euphoberta  Brotonii  is  closely  related  to  E.  armigera,  described 
by  Messrs.  Meek  &  Worthen  in  their  great  work  on  "  The 
Geology  and  Palaeontology  of  Illinois,  U.S.,"  1868,  vol.  iii, 
p.  55Gf  figs,  a-d,  from  the  clay-ironstone  nodules  of  the  Coal- 
measures,  Grundy  County,  Illinois,  reproduced  in  our  PL  III, 
Gkol.  Mag.,  1871,  p.  104. 

Locality  and  formation  :  from  the  Soapstone  bed,  Colne  Hill. 
Lower  Coal-measures.     In  the  collection  of  Mr.  Peter  Whalley. 

2.  Xylobius  moniliformis,  H.  Woodw.,  sp.  nov. 

(Text-fig.  4.) 

The  earliest  recorded  examples  of  Chilognathous  Myriopods  met 
with  in  a  fossil  state  were  discovered  by  Sir  William  Dawson  in 
the  hollow  trunk  of  a  still  erect  Sigillaria,  in  a  bed  of  coal  on  the 
South  Joggins  Coalfield,  Nova  Scotia,  and  described  by  him  in  the 
Quarterly  Journal  of  the  Geological  Society  of  London  in  1853,^ 
vol.  ix,  p.  58.  A  fuller  description  by  the  same  author  followed 
December  15th,  1859  (op.  cit.,  vol.  xvi,  p.  268).  These  terrestrial 
Myriopods  have  also  been  found  in  the  Coal-measures  of  Illinois  by 
Messrs.  Meek  &  Worthen,  and  in  the  Coal-measures  of  Kilmaurs, 
near  Glasgow,  by  Mr.  Thomas  Brown.  Some  of  these  forms  were 
described  and  figured  by  me  in  the  Trans.  Glasgow  Geol.  Soc,  186G, 
vol.  ii,  p.  235,  pi.  iii,  figs.  11-13. 

In  1867  Mr.  Binney  exhibited  fossils  collected  by  Mr.  Joseph 
Tindall,  of  Iluddersfield,  from  the  Lower  Coal-measures  near  that 
town.  One  of  these  was  a  remarkably  good  example  of  Xylobiu$ 
in  a  nodule  of  clay-ironstone,  having  about  46  well-preserved 
articulations  to  its  body.  This  specimen  showed  the  segments  to 
have  been  ornamented  with  transverse,  finely  undulating  lines,  a& 

^  "JnoI  eleaiV'5  ft\iowa  in  the  figure. 
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notioed  in  the  original  examples  from  Nova  Scotia,  and  I  referred  it 
in  my  description  to  Dr.  Dawson's  speoies  Xylohiua  iigiUaria.^ 

The  specimen  here  figured  (Fig.  4)  from  near  Colne,  Lancashire, 
shows  only  a  part  of  the  hody  of  a  Myriopod,  consisting  of  ahout 
25  rounded  segments,  truncated  at  the  larger  anterior  end  by  the  loss 
probably  of  the  half  of  the  nodule  in  which  the  animal  is  imbedded, 
the  part  preserved  being  the  posterior  or  caudal  moiety  with  its 
oonnterpart.  Each  somite  or  segment  has  a  raised  ring  or  ridge 
passing  around  near  the  anterior  border,  having  (so  far  as  exposed 
upon  the  matrix)  a  single  row  of  upwards  of  10  minute  oblong 
bead-like  ornaments  on  it,  with  a  plain,  slightly  raised  moiety  forming 
the  posterior  articular  boundary  of  each  segment.  Beyond  the  first 
13  or  more  anterior  segments,  counting  from  the  truncated  end,  the 
body-rings  gradually  diminish  in  size  towards  the  posterior  extremity, 
which  is  slightly  curled  round  like  the  tail  of  the  letter  J.  Length 
of  the  entire  body  about  6  cm.     Length  of  six  segments  20  mm.. 


Fig.  4. — Xylobius  moniUformis^  H.  "Woodw.,  sp.  nov.  Soapstone  bed,  Lower 
Coal-measures  :  Carre  Heys,  Colne,  Lancashire.  Enlargea  twice  natural  size, 
if,  dorsal  aspect  of  specimen ;  p^  walking-feet. 

width  of  anterior  segment  8  mm.  Minute  walking-legs,  about  5  mm. 
long,  are  to  be  seen  for  almost  the  entire  length  of  the  body ;  there 
are  two  pairs  (where  preserved)  to  each  segment 

The  interest  attaching  to  this  specimen  of  Xyhhius  consists  in  the 
preservation  of  the  extremely  beautiful  ornamentation  on  the  body- 
segments,  reminding  one  of  the  jointed  columns  of  some  Silurian 
Grinoid  such  as  Gissocrinui  or  Gothocrinus.  It  is  to  be  regretted 
that  the  remainder  of  the  nodule  has  not  been  preserved,  as  we 
might  then  have  been  able  to  describe  the  head,  and  have  ascertained 
the  entire  length  of  the  body. 

Locality  and  formation  :  Soapstone  bed,  Lower  Coal-measures, 
Colne  Hill,  Lancashire.     In  the  collection  of  Mr.  Peter  Whalley. 

Amongst  the  nodules  sent  up  by  Mr.  Whalley  there  is  in  one  the 
remains  of  a  fish,  Acanihodes  Wardii ;  another  contains  two  very 
small  Gasteropods  which  have  not  been  identified. 

Mr.  G.  C.  Crick,  F.G.S.,  has  kindly  examined  two  other  nodules 
for  me,  and  writes  as  follows : — 

*  See  Trans.  Lit.  and  Phil.  Soc.  Manchester,  January  8th,  1867  ;  Gbol.  Mao., 
1867,  Vol.  IV,  p.  132 ;  and  Trans.  Glasgow  Geol.  Soc.,  1866,  vol.  ii,  p.  236,  pi.  iii, 
figs.  13  and  13a. 
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Dm 0BPH00EBA8  DI80RKPA1I8  (T.  Brown  *)• 

In  one  nodnle  is  exhibited  aboat  one-half  of  the  latend  aiea  uk 
a  portion  of  the  periphery  of  the  eeptate  part  of  a  Goniatite,  Sbub. 
in  diameter,  that  seems  to  be  referable  to  this  species.  'Ae  test  ii 
not  preserved,  but  the  septa  are  well  shown. 

OsTHOOEBikS,  sp.  1. 

In  the  same  nodale  as  the  example  of  Pimorp&oeerat  dwenfNau 
there  is  a  fragment  of  a  slender,  slowly-tapering  OrOkoetro^,  8  mm. 
long  and  aboat  2  mm.  in  diameter.  Bather  more  than  the  npp«F- 
most  2  mm.  form  part  of  the  body-chamber  ;  the  rest  ia  entirely 
septate  and  exhibits  fifteen  chambers,  so  that  theee  may  be  described 
as  very  shallow,  aboat  five  occupying  the  qpaoe  of  2  mm.  The  septi 
are  slightly  oblique ;  the  cross-section  is  elliptioal ;  the  siphonds 
appears  to  be  nearly  marginal  and  situated  at  the  extremity  of  the 
long  axis.  The  test  is  thin  and  polished.  (Mkoctnu  OMcicwUtn, 
T.  Brown,^  is  described  as  having  the  siphnncle  near  the  side,  bu^ 
judging  from  the  figure,  that  species  has  deeper  chambers  than  the 
present  specimen. 

Obthookbas,  sp.  2. 

Another  nodule  contains  a  fragment  of  a  slender  Orthocera»,  about 
6  mm.  long.  The  specimen  is  only  partially  exposed,  the  greatest 
width  being  only  1*5  mm.,  but  it  seems  to  belong  to  a  more  rapidly 
tapering  shell  than  sp.  1.  Although  nearly  covered  with  the  test,  it 
appears  to  be  entirely  septate,  the  chambers  being  a  little  deeper 
than  in  sp.  1,  eight  chambers  occupying  about  5  mm.  The  test  is 
thin,  polished,  and  has  very  feeble  annulations,  which  apparently 
correspond  to  the  septa,  whilst  the  surface  between  the  annulations 
is  covered  with  exceedingly  fine  transverse  lines. 


III. — Sedgwick  Muskum  Notes. 
New  Fossils  fbom  the  Haverfordwest  District.     IV. 

By  F.  R.  CowPBR  Reed,  M.A.,  F.G.S. 

(PLATE  XXIII.) 

rpHE  following  species  of  Braohiopoda  were  recorded  by  Messrs. 

L     Marr  &  Koberts '  from  the  Ordovician  beds  of  the  Haverfordwest 

district : — 

Llandeilo  Limestone. 

LepUcna  [^Pleetamhonites]  strieea^  Sow. 
Orthin  stnatula^  Coiir. 

DlCRANOOllAPTUS    ShALES. 

Orthxs  artjrntea^  His. 
Siphonotrcta  miculay  McCoy. 

and  **  other  homy  brachiopotU." 

1  T.  Brown,  FoFsil  Concholo^,  1849,  p.  28,  pi.  ixi,  figs.  8,  8<i,  and  15  {GoniaiiUi 
discrrpans).  See  also  Foord  &  Crick,  Cat.  Foss.  Ceph.  British  Museum,  pt.  3,  1897, 
p.  222  (iJimorphoceraa  discrepann). 

'  T.  Brown,  Trans.  Manchester  Geol.  Soc,  vol.  i,  1841,  p.  220,  pi.  vii,  fig.  39; 
and  T.  Brown,  Foss.  Conch.,  1819,  p.  249,  pi.  xiii*,  fig.  29. 

3  Marr  &  Roberts:  Q.J.G.S.,  vol.  xli  (1885),  pp.  476-491. 
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R0BM8TOK  Wathsst  Ldcestoki. 

Orihit  iU^antula,  His. 
„    AetonuB,  Sow. 
,,    ealligramtna^  Dalm. 


Zeptana  IFteetamboniUt]  transvertalit^WdLhi, 
8trophom$na  [LepUtna]  rhomboidaliif  Wilck. 


TBIin7CLEr8  BBTICOBNIS  BbDA. 

(a)  Sholesuook  Lxmsstohi. 

Orihit  eUgantula,  Dalm. 
,,    tuttMUnaria,  Dalm. 
,,    ctUlifframmOy  Dalm. 


Zeptana  \^Fleciamb(mites^  quinqueeottaia,  McCoy. 
„         ,  ,,  J  MfMM,  Sow. 


Chrittianui]  tennieinetaf  McCoy. 
Strophomena  [Leptana\  rhomboidatit,  Wilck. 

(b)  Rkdhill  Beds. 

Lingula  sp. 

Leptana  (Plectambonit4a\  tiricta^  Sow. 

,,         iChrisHaniu]  tenuteineta^  McCoy. 
Sirophomena  \^Ltptana]  rhamboidaiitf  Wilck. 
Or  this  eUffantula,  Dalm. 

„     ealligrammay  Dalm. 

{e)  Sladb  Bedb. 

Lingula  Rp. 

Strophomena  [L^tand]  rhomboidalitf  Wilck. 

„        eorrugateUa^  DaT. 
Leptana  [Flectambonitet]  terieeay  Sow. 
Orihit  biforata,  Schloth. 

,,    tkgantula,  Dalm. 

„     tettudinaria,  Dalm. 

,,    eattigramma^  Dalm. 

,,    poreata,  McCoy  (?). 

We  are  able  to  make  the  followiDg  additions  to  the  foregoing  list 
'  means  of  the  large  series  of  Brachiopods  collected  by  Mr.  Y.  M. 
umbuUy  though  the  specific  determination  of  many  specimens 
robably  including  some  new  species)  must  await  the  acquisition 
better  material. 

I.    LlANDEILO   L1ICB8TONE. 

Trematit  nmltistriata,  sp.  noT.    Lampeter  Velirey. 
Strophomena  ap.    Lampeter  Velfroy. 

II.    DiCRAKOOKAPTUS  BbDS. 

(Orthia  argeniea  zone.) 

Aerotreta  Nicholaoni,  Day. 
Orbiculoidea  perrugata^  McCoy. 

m.   RoBBSTON  Wathen  Limertonb. 

Flectambonitet  terieea,  Sow. 

lY.  Tbinvclbvs  sbticobxis  Beds. 

(a)  Sholesbook  Limbbtone. 

Crania  Turfibulli,  sp.  dot. 
Orthit  Aetonia,  Sow. 
TripUcia  insttlarity  Scbloth. 
Flectambonitet  teitta.  Salt. 

{b)  Redhill  Beds. 

Orthit  aff.  Bouehardi,  Day. 
Flectambonitet  tcisttty  Salt. 

)>         p<tpillotaf  sp.  HOT. 
Strophcmena  antiquata.  Sow.,  Tar. 


»» 
»> 
>> 
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(e)   Sladb  Beds. 

Lingulu  brevis,  Portl.  (?). 
Lingula,  two  sp.  indet. 
Crania  Orayif  Dav.,  var. 
Orbiculoidea  perrugata,  McCoy. 

„  {Pholidopt?)  oblongata,  FortL 

Orthis  vesperiiliOy  Sow. 
Sowerhyana,  Dav. 
crispay  McCoy. 
Actonxm,  Sow. 

poreatay  McCoy,  Tar.  nov.  tladentis. 
teatudinariay  Dalm.,  var. 
(several  indet.  sp.). 
Triplecia  innUariSy  Schloth. 
Strophomena  antiquatay  Sow.,  yar.  Mo^rofa,  Day. 
,,  expanaay  Sow. 

,,  medioeoitality  sp.  noy. 

„  sp. 

PUctamb<m%te»  papilhtay  sp.  noy. 
Atrypa  imbricatay  Sow. 
Meriatella  cf .  cra8sa,  Sow. 
Hyattella  pentagonality  Heed  (P). 
Zygospira  Hicksi,  sp.  noy. 

TbEMATIS   MULTI8TRIATA,  Sp.  nOV.       (PI.  XXIII,  FigS.  1,  lo.) 

Desobiption. — Shell  nearly  orbicular,  a  little  wider  than  long. 
Brachial  valve  gently  convex,  most  so  towards  beak,  which  is 
marginal  and  slightly  projects  over  posterior  margin.  Sarfaoe  of 
valve  covered  with  fine,  raised,  thread-like  lines  radiating  from 
the  beak,  and  increasing  in  number  towards  margin  by  interpolation 
of  secondary  and  tertiary  shorter  lines  at  half,  or  a  quarter,  or  lees 
than  a  quarter  the  length  of  the  primary  lines.  All  lines  of  equal 
strength  and  at  equal  distances,  the  interspaces  being  about  twice 
the  width  of  the  lines.  The  median  lines  are  straight,  but  towards 
the  cardinal  region  the  lines  curve  gently  backwards.  Interspaces 
between  radiating  lines  occupied  by  small  transversely  rectangular 
or  subquadrate  pits,  a  single  row  lying  along  each  interspace,  and 
separated  by  small  low  transverse  bars.  The  radial  threads  number 
on  margin  about  200.  A  few  low  concentric  growth  ridges  are 
present  on  the  surface. 

Dimensions. 

Len^^        ...        ...         ...         ...         ...        16'5mm. 

Width         18-5mm. 

Locality. — Quarry  near  Church,  Lampeter  Velfrey. 

Horizon. — Lower  Llandeilo  Limestone. 

Eemabes. — This  beautifully  ornamented  shell  is  closely  allied  to 
Trematis  silurianay  Dav.,'  but  the  radial  lines  are  rather  more 
numerous  and  closer  together,  the  interpolation  of  secondary  and 
tertiary  lines  less  regular,  the  pits  less  conspicuous,  and  the  beak 
more  marginal.  The  shell  is  well  preserved  in  our  specimen,  but 
unluckily  we  know  nothing  of  the  internal  characters  nor  of  the 
opposite  valve.  T,  ottawaensisy  Billings,'  from  the  Trenton  Lime- 
stone,  appears   to   be  a  nearly  allied  form,  but,  apart  from  the 

*  Davidson:  Men.  Brit.  Foss.  Brach.,  vol.  iii,  p.  71,  pi.  vi,  figs.  8,  8a,  Bb, 
^  BiJJings :  Pal.  Foss.  Canada,  \o\.  \  0-^61^,  t^.  63,  fig.  68. 
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presence  of  the  pits,  the  shape  of  the  shell,  position  of  heak,  and 
radial  ornamentation  resemhle  Sehizoerania  jUosa,  Hall.'  However, 
the  generic  position  of  oar  specimen  does  not  admit  of  a  douht  It 
appears  to  be  specifically  distinct  from  any  so  far  described,  none  of 
the  other  British  species,  except  T.  siluriana,  being  closely  allied, 
and  the  name  mulUsiriata  is  therefore  proposed  for  it. 

Cbania  Tubnbulli,  sp.  nov.     (PI.  XXIII,  Figs.  2,  2a.) 

Dbsobiption. — Shell  snbqaadrate,  wider  anteriorly,  upper  valve 
strongly  elevated,  convex,  sabpyramidal ;  apex  sitaated  nearer 
aoterior  than  posterior  margin  ;  posterior  slope  somewhat  flattened ; 
anterior  slope  short,  steep.  Cast  of  interior  of  upper  valve  showing 
pair  of  anterior  adductor  muscle-scars  situated  a  little  behind  apex, 
nearly  in  middle  of  shell,  less  than  their  own  diameter  apart,  deep, 
subcircular,  each  partly  divided  internally  into  two  subequal 
portions  by  a  triangular  projection  from  outer  anterior  side.  Pair  of 
shallow  oval  posterior  adductor  impressions,  submarginal,  posterior, 
situated  aboat  twice  their  diameter  apart  at  end  of  broad,  slightly 
diverging  shallow  grooves  running  back  from  anterior  adductors. 
Surface  of  valve  ornamented  with  very  numerous  fine,  closely-set, 
subpandlel,  thread-like,  raised  lines  of  equal  strength,  radiating  from 
umbo  and  running  at  right  angles  to  the  four  sides,  with  many 
shorter  similar  lines  of  equal  strength  but  of  various  lengths  inter- 
calated. To  the  four  angles  of  the  shell  only  a  few  of  the  radial 
lines  run  the  whole  way  from  the  umbo,  the  majority  curving  round 
on  each  side  to  meet  the  adjacent  sides  at  right  angles.  A  few  weak 
concentric  growth-lines  present. 

DiMKNSIONS. 

Width  at  anterior  end,    17  mm.         Length,  12*5  mm. 

Width  at  posterior  end,  1 3  mm.  Height,    5 * 0  mm. 

LooAUTT.  — Sholeshook  Railway  Cutting. 

HoBizoN. — Sholeshook  Limestone. 

Bkmabks. — Only  the  impression  of  the  exterior  of  the  shell  and 
the  oast  of  the  interior  of  the  same  valve,  both  in  a  somewhat 
imperfect  state,  but  belonging  to  the  same  individual,  are  known  to 
me.  They  present  characters  which  differentiate  them  from  other 
described  species.  The  nearest  allied  appears  to  be  Or,  Crofli,  Dav.,' 
but  this  shell  has  an  anterior  depression  on  the  surface,  the  posterior 
adductors  are  placed  nearer  together,  there  is  an  internal  ridge  on 
the  posterior  face  of  the  shell,  and  the  external  ornamentation  is 
rather  coarser.     Cr.  divarieataf  McCoy,'  is  quite  distinct. 

Crania  Qbati,  Dav.,  var.     (PL  XXIII,  Fig.  3.) 

There  is  one  small  specimen  of  a  Crania  which  is  almost 
indistinguishable  from   C.   Qrayi,  Dav.^     It  consists  of  an  upper 

1  Hall  &  Clarke:  Palaeont.  New  York,  vol.  yiii,  Brach.,  pt.  1,  1892,  p.  143, 
pi.  iv  o,  figs.  22-30. 

*  Davidson:  Men.  Brit.  Foss.  Brach.,  vol.  v,  Suppl.  Silur.,  p.  215,  pi.  xvii, 
figs.  64-56. 

'  Ibid.,  vol.  ill,  p.  78,  pi.  viii,  figs.  7-12. 

^  Davidson :  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  82,  pi.  viii,  figs.  22-24. 
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valve  of  a  snbciroalar,  oonioal  shape,  with  a  non-oentnd  elevated 

umbo  sitaated  at  about  one- third  the  diameter  from  tlie  posteiior 

edge.    The  surfaoe  is  ornamented  with  about  fifty  atroi^^  ndiatiii; 

ribs,  equidistant,  of  equal  strenii^,  and  projecting  a  little  bejoaA 

the  margin  of  the  shell,  with  2-3  muoh  finer  shorter  ones  between. 

Dimensions. 

Diameter      ...        ...        ...        ...        ...        4*0Bm. 

Height         ...        ...        ...        ...        ...        1*5  mm. 

LooALiTY. — Roadside  near  St  Martin's  Cemetery,  Haverfordwest 

Horizon. — Slade  Beds. 

Bkmabks. — C,  Orayi  is,  according  to  Davidson,  only  found  in  the 
Wenlock  Limestone.  The  American  Ordovioian  speciea  G,  Lalia, 
Hall,^  from  the  Utica  and  Lorraine  groups  appears  to  be  allied  to 
the  Slade  species. 

Obthis  (Plvsiomts)  poBOATii,  MoCoy,  var.  nov.  dademtU. 

(PI.  XXIII,  Figs.  4-7.) 

This  species  was  recorded  with  a  query  by  Hessra.  Marr  k 
Roberts  from  the  Slade  Beds.  Many  fine  specimens  of  a  variety  of 
it  are  included  in  Mr.  Tumbull*s  collection.  The  variety  is  diatinot, 
particularly  with  regard  to  its  internal  characters,  and  may  have  to 
be  regarded  as  specifically  different  to  the  typical  0.  portaia, 

Dbsobiption. — Shell  biconvex,  semi-elliptioal,  wider  than  long^ 
broadest  at  about  half  its  length;  hinge-line  straight,  less  than 
greatest  width  of  shell ;  cardinal  extremities  obtusely  angular,  sides 
and  front  rounded.  Pedicle  valve  moderately  convex,  less  so  than 
brachial  valve ;  no  medial  depression ;  beak  moderate,  slightly 
incurved,  not  prominent,  but  rising  a  little  above  binge-line ;  hinge- 
area  triangular,  not  very  wide,  inclined.  Brachial  valve  slightly 
more  convex  than  opposite  valve ;  beak  rather  smaller,  slightly 
incurved ;  area  triangular,  nearly  vertical,  of  approximately  the 
same  size.  Interior  of  pedicle  vaJve  with  small,  elongated-suboval, 
muscular  area,  definitely  circumscribed,  acutely  indented  in  front, 
about  one-fifth  the  length  of  the  valve ;  teeth  large.  Brachial  valve 
with  oval  cardinal  process ;  low  rounded  median  ridge  running 
forwards  for  about  one-fourth  the  length  of  the  valve  between  deep, 
narrow,  elongated  muscular  scars ;  crura  stout.  Surfaoe  of  valves 
covered  with  numerous  subequal  fine  rounded  ribs,  slightly  curved 
on  lateral  portions  of  shell,  increasing  by  bifurcation  at  about 
one-fourth  their  length,  and  frequently  again  nearer  margin,  to  about 
150-160  round  margin.  A  few  strong  conoentrio  growth  ridges 
generally  present,  and  a  fine  concentric  striation. 

Dimensions. 

I.  II. 

Lenffth        22*5mm.  ...        25'Omm. 

Width  at  hinj^-line  22*0  mm.  .  .        27*0 mm. 

Maximmn  width     28'5imii.  ...        36*0mm. 

LoGALiTT. — Koadside  near  St  Martin's  Cemetery.  Haverfordwest 
HoBizoN. — Slade  Beds. 

*  Hall  &  Clarke :  Palaont.  Now  York,  vol.  viii,  Brach.,  pt  1, 1892,  pi.  it  h,  ig.  1. 
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Skmaxxb. — In  typical  examples  of  0.  poreata,^  as  well  as  la 
the  type-specimen,  the  pedicle  valve  is  flattened,  and  only  convex 
about  the  beak  and  on  the  lateral  portions ;  there  is  also  a  moderate 
depression  down  the  middle  of  the  valve,  and  the  mnsoular  area  is 
remarkably  square.  In  none  of  these  points  does  our  variety  agree 
with  it  The  ornamentation  of  the  surface  varies  much  in  the 
ipeoies,  but  ours  is  not  in  complete  agreement  with  any  figured, 
though  not  much  stress  need  be  laid  on  this  fact.  This  new  variety 
may  be  named  aladenstB. 

Obthis  aff.  BouoHABDi,  Dav.  (PI.  XXIII,  Figs.  8,  9.) 
Descbiption. — Shell  subquadrate,  rounded,  a  little  wider  than 
long,  plano-convex  ;  hinge-line  straight,  a  little  less  than  the 
greatest  width.  Pedicle  valve  convex,  slightly  keeled,  rounded; 
beak  high,  incurved ;  hinge-area  triangular,  large,  vertical  or  steeply 
inclined.  Brachial  valve  flattened,  with  deep,  broad  median  sinus 
of  nearly  uniform  width,  deeply  sinuating  anterior  margin ;  small 
inconspicuous  beak  ;  narrow  hinge-area.  Interior  of  pedicle  valve 
with  small  teeth,  and  faint  muscular  impressions.  Interior  of 
brachial  valve  with  bilobed  cardinal  process ;  stout  strong  crura ; 
two  pairs  of  adductor  impressions,  distinct,  rather  vdde  apart,  with 
low  rounded  ridge  between  them,  anterior  pair  elongated  oval, 
twioe  as  long  as  posterior  pair,  which  are  subciroular.  Surface  of 
valves  ornamented  with  about  30  to  40  subangular  ribs,  mostly 
simple,  but  some  bifurcating,  and  with  a  shorter  one  intercalated 
between  each  pair ;  usually  finely  imbricated  concentrically. 
Dimensions. 

Jjengih         ...        ...        ...        ...        ...        6*0  mm. 

Width  at  hinge       7*0inm. 

LooALiTiBS  AND  HoBizoNS. — Bcdhill  Bcds,  Prendergast  Place; 
Slade  Beds,  near  St.  Martin's  Cemetery,  Haverfordwest. 

Bemabks. — ^This  small  species  appears  to  be  allied  to  or  perhaps 
a  variety  of  the  Wenlock  species  0.  Bouchardi,  Dav.,^  but  the  ribs 
in  the  latter  are  fewer  and  the  imbrications  coarser. 

StBOPHOMBNA  (?)    MKDIO008TALI8,  sp.  uov.      (PL  XXIII,  Figs.  10, 

10a,  11.) 

Dbsobiption. — Shell  transversely  semi-elliptical,  about  1^  times 
to  twice  as  wide  as  long ;  cardinal  angles  acute,  more  or  less  alate  ; 
hinge-line  straight,  at  greatest  width  of  shell ;  lateral  and  anterior 
margins  rounded ;  concavo-convex,  more  or  less  flattened ;  valves 
dose  together.  Pedicle  valve  gently  convex,  slightly  bent  down 
near  anterior  and  lateral  margins,  flattened  towards  hinge-line ;  beak 
small,  acute,  not  prominent  nor  rising  above  hinge-line ;  hinge-area 
narrow,  triangular,  steeply  inclined.  Brachial  valve  flattened  or 
slightly  concave  ;  beak  small,  not  prominent ;  hinge-area  very 
narrow. 

Interior  of  pedicle  valve  with  pair  of  small,  divergent,  triangular 
diductor  impressions  extending  about  one-fourth  the  length  of  the 

^  Davidfion :  op.  cit.,  p.  250,  pi.  xxxi,  figs.  12-20  ;  pi.  xivi,  fig.  4. 
3  Dayidson :  op.  cit.,  vol.  iii,  p.  209,  pi.  zxyi,  figs.  16-23. 

DBCADB  v.— VOL.  II. — KO,  X.  *I^ 
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valve ;  teeth  small,  slender,  divergent     Brachial  valve  with  small 

bifid  cardinal  process,  each  arm  transversely  grooved ;  dental  sockets 

narrow,  diverging  at  more  than  right  angles ;  low,  short,  rounded 

ridge  between  faint  adductor  scars. 

Surface  of  valves  ornamented  with  one  conspicuous,  single,  strong 

but  slender  median  rib,  with  16-20  fine,  straight,  primary,  radiating, 

raised,  thread-like  lines  on  each  side,  and  between  each  pair  3-5  finer 

strisd  or  lines.     A  few  concentric  wrinklings  occasionally  present 

near  cardinal  angles.     Shell  strongly  punctate. 

Dimensions. 

I.  II.  III.  IV. 

Length     ...        100        ...        10'5        ...  80        ...        14*0  mm. 

Width      ...        19-6        ...        16-0        ...        12*0        ...         16*5  mm. 

Locality. — Quarry  at  Upper  Slade. 

Horizon. — Slade  Beds. 

EsMAKKs. — ^The  presence  of  the  median  rib  and  character  of  the 
surface-ornamentation  distinguish  this  form  from  8.  eompresia,  Sow., 
from  the  Llandovery  Beds,  to  which  in  general  shape,  contour, 
and  internal  features  it  is  closely  allied.  The  variety  of  S.  eompresia 
termed  llandeiloemis  by  Davidson,^  from  the  Llandeilo  Flags,  has 
the  same  points  of  difference,  and  in  addition  possesses  larger 
diductor  scars  in  the  pedicle  valve.  The  Llandovery  shell  appears 
to  belong  to  the  genus  Stropheodonia,  according  to  Hall  &  Clarke, 
judging  from  the  hinge,  but  the  transverse  orenulations  are  not 
clearly  visible  in  our  Slade  shell.  One  of  our  specimens,  probably 
a  young  individual,  as  it  is  of  small  size,  has  much  produced  latend 
wings,  but  in  the  majority  of  examples  the  cardinal  angles  are  only 
slightly  produced,  though  always  acutely  pointed. 

Strophomkna  antiquata,  Sow.,  var.     (PI.  XXIII,  Fig.  12.) 

The  peculiar  lobed  variety  of  5.  antiquataj  figured  by  Davidson ' 
from  the  Wenlock  of  Dudley,  occurs  in  the  Hedhill  Beds  of 
Prendergast  Place,  Haverfordwest.  In  this  form  the  pedicle  valve 
has  a  broad,  deep,  rounded  sinus  down  the  middle,  with  an  elevated 
rounded  lobe  on  each  side  passing  gradually  into  the  somewhat 
flattened  ears.  The  sboll  is  markedly  transverse,  being  nearly  twice 
as  wide  as  long ;  the  hinge-line  is  at  the  greatest  width  of  the  shell, 
and  the  cardinal  angles  are  almost  rectangular,  or  form  an  angle 
of  about  75^.  The  diductor  muscles  in  the  pedicle  valve  form 
a  subquadrate  or  subpentagonal  impression  about  one-third  the 
length  of  the  valve.  The  Redhill  specimens,  being  in  the  condition 
of  internal  casts,  do  not  show  the  ornamentation  of  the  surface,  but 
a  few  concentric  wrinkles  are  traceable  in  one  specimen  near  the 
lateral  angles.  It  seems  to  me  a  matter  of  doubt  whether  this  form 
is  not  specifically  separable  from  S,  antiquata,  var.  scahroaay  which 
also  occurs  in  the  Ordovician  of  the  Haverfordwest  district  The 
shape  of  the  shell  is  utterly  different,  and  the  ornamentation  as  seen 
in  the  typical  Wenlock  examples  is  completely  distinct. 

^  Da\id8oii:  Mon.  Silur.  Foss.  Brach.,  vol.  iii,  p.  316,  pi.  xlri,  figs.  11-14. 
'  DaWdson :  op.  cit.,  "p.  iOS),  ^\.  iCiiv,  ^^.  ^. 
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The  dimensions  of  two  Bedhill  specimens  are  the  following : — 

I.  II. 

Length    ...        ...        ...  7*0        ...  8*6 mm. 

Width     13*0        ...        16-0  mm. 

Plkotambonitbs  papillosa,  sp.  nov.     (PI.  XXIII,  Figs.  13,  Ida, 

14,  15.) 

Dkscbiption. — Shell  small,  transverse,  broadly  semiciroular,  twice 
as  wide  as  long  ;  widest  at  hinge-line  ;  oonoavo-convex  to  plano- 
convex; cardinal  angles  sharp  and  angalar,  but  not  produced. 
Pedicle  valve  weakly  convex,  flattened  laterally ;  hinge-line  straight; 
beak  small,  inconspicuons,  not  rising  above  hinge-line;  hinge-area 
narrow,  inclined,  with  triangular  delthyrium  below  beak.  Brachial 
valve  slightly  concave  or  nearly  flat,  flattened  laterally ;  beak  very 
small ;  hinge-area  very  narrow,  linear.  Interior  of  pedicle  valve 
with  small,  short,  divergent,  divaricator  scars,  extending  about  one- 
fourth  or  one  -  fifth  the  length  of  the  shell ;  teeth  short,  small, 
diverging,  supported  by  short  dental  plates.  Brachial  valve  with 
short  crural  plates  and  cardinal  process  (characters  obscure).  Interior 
of  both  valves  very  coarsely  papillose,  the  papillsd  large,  more  or  less 
elongated,  and  radially  but  irregularly  arranged.  Surface  of  valves 
ornamented  with  regular,  straight,  fine  radii  of  equal  size,  increasing 
In  number  by  intercalation  of  secondary  rather  finer  ribs,  about  two- 
thirds  to  three-fourths  the  length  of  the  primary,  to  about  60-80 
ribs  round  the  margin. 

Dimensions  (average). 

Lep^h         ...        ...        ...        ...        ...        3*0  mm. 

Width  6*0mm. 

Locality. — Quarry  at  Upper  Slade. 

Horizon. — Slade  Beds. 

Bemabks. — This  pretty  little  species  occurs  in  fair  abundance  at 
Upper  Slade.  It  is  certainly  distinct  from  P.  serteea,  as  its  internal 
characters  prove.  P.  tenui88ime»8triata  (McCoy)  has  much  finer 
and  less  conspicuous  strisd  on  the  surface,  and  the  coarse  papillaa 
on  the  interior  seem  to  be  absent  The  undetermined  species 
figured  by  Davidson^  from  Llandeilo  appears  to  bear  a  considerable 
resemblance.  '  Leptana*  Graya,  Dav.,'  and  '  LepC  llandeiloemia, 
Dav.,'  have  somewhat  similar  ornamentation,  but  ours  has  not 
a  lobed  shell  like  the  former,  and  the  interior  of  the  latter  is  quite 
distinct.  The  two  valves  are  frequently  attached  and  open,  as  is 
often  the  case  with  P.  plieatella,  Ulrich,^  an  allied  form  from  the 
TTtica  group  of  America.  There  is  no  trace  of  cardinal  spines  in 
any  of  our  specimens,  but  the  general  characters  of  the  shell  recall 
Chonetes. 

Atrypa  imbbioata,  Sow.     (PI.  XXIII,  Fig.  16.) 

This  species  is  stated  by  Davidson "  to  range  up  from  the  Bala  to 

^  Dayidson:  op.  cit.,  vol.  ill,  p.  330,  pi.  xlii,  fig.  22. 
'  Id.,  Suppl.,  vol.  V,  p.  171,  pi.  xii,  ngs.  23-25. 
«  Ibid.,  p.  171,  pi.  xii,  figs.  26-29. 

*  Hall  &  Clarke:  Palaeont.  New  York,  vol.  viii,  Brach.,  pt.  1,  1892,  pi  xya 
figs.  34,  36.  »  f  •        , 

*  Op.  cit.,  vol.  iii,  p.  136,  pi.  xv,  figs.  3-8. 
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tiie  Wenkok  Umeitoiie;  aad  ow  tf^wamm,  whioh  oodm  firom  tt^ 
Blade  Beds  near  St  Hariin'a  Oemeteiy,  Haverfordwaat,  show  ^ 
tfpioal  dharaoters.  It  has  been  fbnnd  in  the  CXiair  of  Eildtf* 
Lunestone,  bntapparently  has  not  previously  been  recorded  firom  tbe 
Bala  of  Soath  'Waiea.    It  seems  to  be  in  both  oases  a  rare  spade*. 

ZTOOSPnu  HiGKSi.  sp.  nor.    (PL  XXTTT,  Zigs.  17-19.) 

Disasipnair. — Shell  saboironlar  or  ovoid,  snbglobose»  iHooBfes* 
FSediole  yalve  laiger  than  biaohialt  atronglj  oonvez,  oooanoaill} 
with  Sunt  traoea  of  median  fold ;  beak  inoarved.    Braohial  vdfi 
less  convex;  beak  small,  overlapped  bj  that  of  pedide  valve;  wtik 
median  depression  somedmes  prseent  on  sorfiMse  of  valve.    Litsikff 
of  pedicle  valve  with  stoat,  short  teeth  widely  separated;  saatt 
tsans verse  ridge  ficom  tooth  to  tooUi;  elongated,  snbparaUel,  mnsoiilac 
impressions  extendin|;  nearly  half  the  length  of  valve  and  broadening 
slig^y  anteriorly,  with  low  lidge  between  them ;  no  dental  lamellB* 
Ulterior  of  brachial  valve  with  hinge-plate,  broad,  stoat,  and  ckft 
in  middle  into  two  triangnlar  portiona;  tow  median  roanded  ridge 
dividing  paired  impressions  of  addootors.    Sarfaoe  of  valves  cms* 
mented  with  26-SO  simple^  straight,  rounded,  radiating  ribs  of  eqoal 
siie,  without  bifaroation  or  intercalation  of  ahorter  ribs ;  regolar, 
fine,  concentric  stri»  present 

Dnuvsiovs. 


liBIU^  ««•  •«•  ...  ...  lOl 

Width  9-75-10  mm. 

LooALiTiBS. — Caokoo  Grove  Lane,  Haverfordwest ;  Upper  Slade. 

HoBizoN. — Slade  Beds. 

Kemabks. — This  interesting  shell  appears  to  belong  to  tbe  genus 
Zygospira  (or  perhaps  its  subgenus  Catazyga)^  for  though  we  are 
ignorant  of  much  of  its  internal  stmoture,  and  have  not  seen  its 
braohial  spires,  yet  in  its  shape,  ornamentation,  and  internal 
charaoters,  so  far  as  they  are  known  to  us,  it  olosely  resembles 
members  of  this  genus.  Zygotpira  is  known  in  the  British  Lower 
Falsdozoio  by  the  form  referred  by  Davidson  to  Atrypa  (?)  Headi, 
var.  angliea}  There  does  not  seem  to  be  any  very  marked  line  of 
separation  between  ZygoBpira  and  CkUazyga,  whioli  Schuohert  employs 
as  a  generic  name ;  Hall,'  for  instance,  considers  Z,  antieoBiiensiB  to 
be  intermediate  between  them.  The  smaller  specimens  of  this  Slade 
shell  in  oar  collection  are  of  a  more  elongated  and  ovoid  shape,  bat 
otherwise  appear  to  be  identical  with  the  larger  suboiroular  form. 
Zk  Headi,  var.  anglica,  differs  from  our  species  in  having  more 
nameroas  (forty  or  more)  ribs  whioh  are  also  finer,  and  in  having 
the  musole-scars  in  the  pedide  valve  slightly  different ;  and  on  the 
whole  it  seems  to  belong  to  another  spedes. 

Htattslla  pentaoonalis,  Beed  (?).     (Plate  XXIII,  Fig.  20.) 
The  muscular  impressions  of  S. pmUagonaltB^  are  unknown,  but 

^  DavidBon :  op.  dt.,  toL  iii,  pi.  nil,  figs.  1-8 ;  snppl.,  toI.  t,  p.  127. 

*  Hall  &  Clarke :  Palscont.  New  York,  vol.  yiii,  Braoh.,  pt.  2,  pp.  164-159. 

s  Eeed :  Quart.  Joum.  Geol.  Soc.,  toL  liii  (18e7),  pp.  75-77. 
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there  is  an  internal  oast  of  the  pediole  valve  of  a  shell  whioh  in 
shape  and  other  oharaoters  resembles  this  speoies,  and  possesses 
mnsonlar  obavaoters  like  those  of  the  genas,  espeoially  like  than  of 
the  type-speoies  H.  congeBta^  Conr.^  The  pediole  oavity,  the  sub- 
parallel,  short  dental  lamellso,  and  a  snbrhomboidal  sharply  boanded 
mnsonlar  soar,  angularly  notched  behind,  and  oomprising  the  two 
diduotors  enclosing  the  narrow  contiguous  adductors,  are  clearly 
seen.  The  specimen  is  imperfect,  but  must  have  measured  about 
12  mm.  long  by  10  mm.  wide. 

LooALiTT. — Bank  Saeson,  Whitland. 

HoAizoH. — Slade  Beds. 

MkBISTBLLA  of.    OBA88A,   SoW. 

Several  imperfect  internal  oasts  and  external  impressions  of 
«  species  of  Meriaiella  occur  in  the  Slade  Beds  near  St  Martin's 
Cemetery,  Haverfordwest.  In  external  form  and  internal  features 
they  agree  closely  with  if.  craasa  (Sow.)  ' ;  in  the  pedicle  valve  we 
find  the  dental  laniellsd  pursuing  the  same  course,  and  the  muscular 
area  and  diverging  lateral  vascular  impressions  are  precisely  similar; 
in  the  brachial  valve  the  cleft  hinge-plate  and  median  longitudinal 
•eptum  are  developed  in  the  same  manner.  The  external  shape  of 
the  shell  and  smooth  character  also  agree.  If.  crasaa  occurs  in  the 
liower  Llandovery,  and  this  Slade  form  may  prove  to  be  a  separate 
species  or  a  variety. 

EXPLANATION  OF  PLATE  XXIII. 

Pio.  1. — TrematU  mttltutriata^  up.  nov.     Brachial  valye.    Lower  Llapdeilo  Lime- 
stone: I^ampeter  Velfrey.     x  1}. 
la. — Ditto.    Portion  of  sorface  of  same  specimen,     x  Ifi. 
2. — Crania  Tttrnbitllif  sp.  nor.    Cast  of  mterior  of  upper  valve.     Sholeshook 
Limestone :  Sholeshook  railway  catting,     x  14. 
,,     2a, — Ditto.    Impression  of  part  of  surface  of  shell  oi  same  specimen,  showing 

ornamentation,     x  4. 
,,     3. — Crania  Qrayi,  Dav.,  yar.     Slade  Beds :    near  St.  Martin's  Cemetery, 

Haverfordwest. 
,y     4. — OrthU  (Plesiotntfs)  pwreata,  McCoy,  var.  nov.  tladmuiit.    Cast  of  interior 
of  hrachial  valve.    Slade  Beds:  near  St.  Martin's  Cemetery,  Haverford- 
west.    X  1|. 
5. — Ditto.    Ditto.     Same  horizon  and  locality,     x  11. 
6. — Ditto.    Cast  of  portion  of  interior  of  pedicle  vuJvo.     Same  horizon  and 
locality,     x  1^. 
,,     7. — Ditto.    Impre-sHion  of  part  of  surface  of  shell,  showing  ribbing.     Same 

horizon  and  locality,     x  2. 
^,     8. — Orthit  aff.  Buttchardi,  Dav.    Cast  of  interior  of  brachial  valve.    Bedhill 

Beds :  Preu(it'r^.wt  Place,     x  3. 
,,     9. — Ditto.     Impresr<ioii  of  part  of  surface,  showing  ribs.    Bedhill  Beds:  road- 
side near  St.  Martin's  Ceraeter)'.      x  6. 
10. — Strophomena  (?)  mcdioeottalis,  sp.  nov.     Cast  of  interior  of  pedicle  valve. 

Slade  Beds :  Upper  Slade.      x  2. 
10a. —  Ditto.     I mpresaion  of  exterior  of  same  valve  and  specimen,     x  2. 
11. — Ditto.     C'iist  of  interior  of  anterior  part  of  brachial  valve.     Same  horizon 

and  locality,      x  2^. 
12. — Strophonuma  antiquuta,  Sow.,  var.      Cast  of  interior  of  pediole  valve, 
lledhill  Beds :  l^rendergast  Place,     x  1  J. 

»  Hall  k  Clarke:  Pala?ont.  New  York,  vol.  viii,  Brach.,  pt.  2,  1894,  p.  61,  pi.  xl, 
figs.  2^-28. 
'  Davidson :  op.  cit.,  vol.  lii,  p.  117,  pi.  xiii,  figs.  1-3. 
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FiQ.  13. — Plectambonitet  papilloaa,  sp.  noT.   Exterior  of  pedide  Talre.    &Qade  Bedi: 

Upper  Slade.     x  3. 
13a. — Ditto.    Cast  of  interior  of  same  valTe  and  specimen,     x  3. 
14. — Ditto.     Pedicle  yalve,  showing  portion  as   cast.      Same  horizon  ud 

locality,     x  3. 
15. — ^Ditto.    The  two  valves  in  natoral  joxtaposition.     Same  horixon  ind 

locality,     x  3. 
16. — Atrypa  imbrieata,   Sow.    Pedicle  valve.    Slade  Beds :    Cuckoo  Giove 

Lane,  Haverfordwest,     x  1}. 
17. — Zygoapira  Hieksi^  sp.  nov.    Cast  of  interior  of  brachial  valve.    SUde 

Beds :  Cuckoo  Grove  Lane,  Haverfordwest,     x  2. 
18. — Ditto.    Cast  of  interior  of  brachial  valve,  showing  hinge,  etc.    Same 

horizon  and  locality,     x  2. 
19. — Ditto.    Cast  of  interior  of  umbonal  portion  of  pedicle  valve,  showing 

teeth,  etc.     Same  horizon  and  locality,     x  2. 
20. — HyatUlla  pmtag<mdli8,  Reed  (P).    Cast  of  interior  of  pedicle  valve.    Slade 

Beds :  Bank  Saeson,  Whitland.     x  1^. 

lY. — ^Tbb  Bsobnt  Gsoloqioal  History  of  the  Baltic.     Part  III: 
The  Western  Part  of  the  Ska,  the  Sound,  and  the  Belts. 

By  Sir  H.  H.  Howoeth,  F.R.8.,  F.G.S. 
(Concluded from  the  September  Number,  p.  413.) 

PEOCEEDING  westward,  the  fanna  again  inoreases  in  ricbnesB. 
The  mollusoan  fauna  of  the  Gulf  of  Kiel  has  been  elaborately 
described  by  Meyer  and  Mobius  in  their  well-known  work  entitled 
''  Fauna  der  Eieler  Bucht."  They  thus  enumerate  the  shells  found 
there : — 


Fontolimax  capiiatue, 

Elysia  viridis. 

Embletonia  Mariee. 

E.  pallida. 

^olis  alba. 

yE.  Dnimmoudii. 

-dS".  papulosa, 

jE.  exigiM. 

^.  rufoh'anehialis. 

Dendrofwttts  arborescens. 

Chiton  marginatus. 

Tectura  testudinalis. 
^Litorina  litorea. 

L,  obfusaia. 
•Z.  rudia. 

Lacuna  diraricata. 

L.  paUidula. 
*Jiis.Hoa  \nco7if>picua. 
*Ji.  octona. 

It.  striata. 

*3fgt%lus  cdulis. 

Modiclnrca  discors.  ^ 

M,  nigra. 

M.  marmorata. 
*MontacHta  bidentata. 
*Carditim  cdulc. 
*C.fasciafum. 


Opisthobbanchia. 

Folycera  ocellata. 
P.  quadrilineata, 
Ancula  criftata. 
Doris  pilosa. 
J),  proxima. 
J),  muricata. 
Phi  line  aperta. 
Accra  bullata. 
Cylichna  truncata. 
Amphisphyra  hyalina. 

Prosobranchia. 

*Hydrobia  uha. 
fVcludna  haliotoidea. 
*Cerilhiutn  rcticulatum. 
t  Tr  if  or  is  perversa . 

Buccinum  undatum. 
*Nassa  reticulata. 

Fusus  antiquus. 
fPleurotoma  tnrriaila. 

Odoitomia  rissoides. 

Lamellibraxcuia. 

Cyprina  islandica. 
*Astartc  borealis. 
fA.  sulcata. 

A.  compresm. 
^  Tel  Una  balthica. 
fTellina  tenuis. 
*Scrob%culana  piperata. 


*  In  the  pre^-ious  part  of  this  paper,  at  p.  412,  lines  3  and  23  from  top,  for 
Modiolaria  road  Modiolarca. — H.  H.  H. 
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Serobicularut  dlha,  fSaxieava  ruffosa. 

Solen  pellucida.  fPhoUu  erupata, 

^Corbula  gibba.  fP.  Candida. 
^Mya  arenaria.  Teredo  navaUt, 

flf,  truneata. 

Among  these  molluscs  those  marked  with  an  asterisk  are  common 
and  fonnd  in  large  numbers,  while  those  marked  with  a  dagger  are 
scarce.  The  remaining  species  occur  sometimes  commonly,  and  are 
sometimes  scarce.  Thus  say  our  authors :  "  When  we  began  our 
work  Teredo  navalis  was  common.  It  then  seems  to  have  become 
extinct,  and  afterwards  began  to  occur  again.  8olen  pellucida  became 
similarly  uncommon  after  being  frequently  found."  They  attribute 
the  scarce  forms  to  vagabonds  which  have  made  their  way  from  the 
Oattegat  into  the  Bay  of  Kiel,  especially  in  the  embryo  stage,  and 
they  mention  in  addition  to  such  casual  visitors  among  the  molluscs 
certain  other  vagabond  marine  animals  as  taken  in  August  and 
September,  1861,  the  Coelenterates  Bolina  alata,  Melieertum  georgieum, 
Steenstrupia  rubra,  and  a  species  of  Bourgainvillia,  while  in  1869 
a  species  of  Bkizostama  Ouvieri  found  its  way  there  (id.,  zxiii). 

retersen,  in  addition  to  the  molluscs  mentioned  by  Meyer  & 
Hobius  from  Kiel  harbour,  also  names  Cardium  exiguum,  var.  He 
substitutes  Asiarte  Walhami  for  Aatarte  sulcata  as  given  by 
M.  &  M.,  Abra  alba  for  Scrobieularia  alba  of  the  same  writers,  and 
also  adds  Scrobieularia  plana,  a  form  unknown  to  Jeffreys,  but  as  he 
does  not  quote  piper ata  he  possibly  treats  this  as  a  synonym.  Nor 
does  he  mention  Tellina  tenuis  and  Teredo  norvegica. 

In  regard  to  the  Gasteropods  from  Kiel,  he  substitutes  the  generic 
name  Acmaa  for  Tectura,  in  which  he  seems  to  be  wrong  (see 
Jeffreys,  iii,  246).  He  names  Velutina  lavigata  and  V.  haliotoidea, 
both  of  which  are  treated  as  synonyms  (ibid.,  iv,  242),  and  neither 
name  occurs  in  the  list  of  M.  &  M.  He  apparently  substitutes  Bela 
utrictda  for  the  Fleurotoma  turricula  of  M.  <fe  M.  He  properly 
substitutes  the  generic  name  Utriculus  for  those  of  Cfylichna  and 
Amphisphyra  of  M.  &  M.,  and  gives  the  species  obtusus  while 
omitting  that  of  hyalinus,  M.  <fe  M.,  from  Kiel,  and  he  adds  to  the 
Bissoas  of  M.  <fe  M.  from  the  same  place  the  species  membranaceat 
ocUmay  and  inconspicua. 

lilL&yQr  says  that  his  information  went  to  show  that  virtually  the 
same  marine  fauna  which  he  described  from  Kiel  also  occurs  in  the 
harbour  cf  Flensborg,  and  he  only  names  one  additional  mollusc 
thence. 

This  completes  our  survey  of  the  Mollusca  in  the  Southern  and 
Western  Baltic,  and  it  will  be  seen  how  rapidly  it  becomes  richer 
as  we  get  nearer  to  the  sources  of  ocean  water  in  the  west 

The  gradual  change  in  the  size  of  the  molluscs  which  I  noticed 
in  the  Eastern  Baltic  as  we  proceed  eeistwards  is  also  paralleled 
in  the  Western  Baltic.  Thus  Litorina  litorea,  which  in  the 
North  Sea  has  a  normal  length  of  32  mm.,  in  the  Kiel  Gulf  only 
reaches  27  mm.,  while  Buccinum  undatum,  which  is  normally 
120  mm.  long  in  the  North  Sea,  is  only  58  mm.  at  Kiel  and  55  mm. 
at  Travemiiude.      Mobius  and   Heincke  have  remarked  the  same 


454  Sir  B,  if.  EtmnrtM^Tk^  Wmttm  Bm 


ISket  hi  n>^atfii  to  tiK  nas  af  dw  &2l  of  tibft  W^aatBOK 

widi  dinse  af  die  SnTtk  SeAr  wiiils  dior  bacfieB  ar»  (fnifciirtHi  aidte 

annanira  af  diinr  sknw  wrdi  ^infis  snd  smilflr  «: 

vuakfiA,     It  has  «Lk  been  aodoed  tiuK  tiie  aBcml 

aBim^lM  in  tiiew  btadcuk  wic»s  anrvw  «uiiex'  dum.  oi. 

ffeontin^  of  die  fbrxna  in  aiao  tame  of  die  waraw  awi  Ci 

Bfaum  telle  ae  dies  die  AmMJim.  die  aiily  wqcm  wiuciL 

Bochnien  GaL(  n  oolj  6  mm.  im  lengdi  diens.     !iarq(iniC  bee  BToeBd 

tiMt  aniDiM^  die  Copepode  die  aeme  aconfim^  tekee  plerw^  diet  it  ■ 

■MMt  marked  in  dhe  femelee.  and  diet  in  die  metier  <A  tbe  warn  tf 

tke   MitMiMe   and    fiircn   theie   m   e  grab  Tarktj  betweem   the 

mdiindaele  of  die  «Biie  epeciee  in  die  Beltie  aai  di*  Xortk  S«. 

Bflsndt  expnsneee  bimeelf  moel  emphetirmDy  ^et  diie  stnntiB^  ad 

tliea^  whieh  are  thne  90  geoenL,  are  doe  to  tbe  graAwl  awealpniag 

ef  die  water  ae  we  adTaace  former  fros  tbe  sen. 

Ha^in^  examined  dke  diatiibiition  and  dienetmrtw  of  die  Ktib^ 
teoe  of  the  We^em  Balde  let  ae  proceed  a  step  fortbec  Tke 
Catri»;^  oommonicatei  widt  die  Baltic  bj  three  paaaagea.  the  Sound 
end  the  two  Belt%  and  in  all  diree  &ere  ia  a  mnrked  eofiehsent  of 
the  mollaaean  fuuia  at  eompered  widi  KieL  This  »  lai^j  dne,  do 
dont<  to  tbe  fact  that  the  narrowneaa  of  A«r  cfaannela  and  &e 
0pe«d  of  their  cnrrenta  canae  the  indraft  of  lalt  water  fipoin  the  Nortk 
Sea  to  be  I«ea  mixed  with  the  freeh-water  ootward  cnrrent  than  it  m 
in  the  dintricta  farther  to  the  tenth  and  cast.  La.  in  the  tree  Baltia 

The  Soimd — '  Oreeond/  aa  it  ia  known  to  the  Dmee — ia  much  the 
moat  important  of  these  water  coodiiita,  and  the  onlj  one  of  whoee 
zoo]r>gical  f^^tnr^.  so  far  aa  I  kiMw,  we  haTe  a  detailed  deeeription. 
TTiis  in  contained  in  the  monograph  by  Orsted  entitled  **De  re^onibus 
Marinis,"  etc..  pahlished  at  Copenhagen  in  lS4o.  He  deacribes  it  aa 
lying  F^etween  oo'  20^  and  o6'  IS'  S.  lat..  and  as  boonded  on  the 
north  by  a  line  joining  Gilleleje  and  Knllen,  while  its  soatbem  limit 
is  a  similar  line  joining  Stevns  and  Falsterbo.  Its  length  is  13  milee. 
Its  gT*-ateftt  width,  from  Copenhagen  to  Malmo,  is  fonr  miles,  while  at 
its  narrowest,  between  Kronborg  and  Helsingborg,  it  is  6,340  cubits 
(*cnh'iU}rum'  is  tbe  word  ui»ed).  Orsted  divides  it  into  three  seetions. 
Tlie  most  northern,  extending  as  far  as  Helsingor  and  Helsingborg 
respectively,  is  a  mere  prolongation  of  the  Cattegat  Tbe  middle 
portion  extends  as  far  as  Copenhagen  and  Barseback ;  and  tbe 
soathem  one,  which  is  a  mere  prolongation  of  the  Baltic,  extends 
to  the  southern  limit  already  named.  The  middle  portion  is  alone 
prop'?rly  called  the  Sonnd. 

Afxj^)rding  to  Orsted  there  have  been  found  427  forms  of  animals, 
exclusive  of  infusoria,  in  the  Sound.     These  are  thus  classed  : — 


Fi«*hf^ 

•  •  • 

•  •  • 

90 

\ennes    ... 

•  •  • 

•  •  • 

110 

('ni'sinnt^a 

•  •  • 

•  •  • 

77 

Badiata  ... 

•  •  • 

•  •  • 

68 

Aru'linida 

•  •• 

•  •• 

3 

Mollusca... 

•  •  • 

•  •  • 

89 

Thus,  in  the  class  of  Mollusca  alone  the  number  of  species  is 
connidenihly  greater  than  that  of  the  Baltic,  as  measured  by  the 
havens  of  Kiel  and  Flenaborg, 
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The  thells  found  in  the  Sonnd,  aooonling  to  Orated,  are : — 


Limtuta  halthiea, 
FaludineUa  nhm* 
F.  baltiea. 
P.  vulgaris, 

yeritina  balthica  (a  Tar.  oiflmiatilU), 
Troehut  einerariut, 
Xueula^  n.8p. 
K,  mmrgaritafita, 
Leda  rottrata, 
Z.  intermedia. 
MotRoUt  vulgaris, 
M.  di$erepanM» 
LitoTHM  lUorea, 
Z.  petraa. 
Z,  mdis. 
X.  retusa. 
Z.fatali$. 

Zacuna  quadrifueiata, 
X.  canalit, 
X.  pallidula, 
Kaua  reticulata. 
Furpura  lapUlue. 
Cerithium  danieum. 
Acer  a  hullata, 
JBulkea  aperta. 
Tergipee  laeinulatue. 
Zimapontia  nigra. 
Velutina  eaptUoidee. 
BtteeinHm  undatum. 
Fuiue  antiguut. 
Fusu*  sp. 

Trophtm  elathratum. 
Cardium  echinatum. 
Ahra  tenuis. 
A.  nitida. 

F»amfnobia  faeroeneis, 
Cryptodonjlexuoswn. 
Tellina  depresta. 
T.  tenuis. 
T.  balthiea. 
Astarte  damnoniensis, 
A.  striata. 
Zueina  radula, 
Cyprina  islandica. 
Venus  gallina. 


Solen  pelUicidus, 

Hiatella  aretiea, 

Mya  tnmeata. 

M.  arenaria. 

Fhabtsia  intestinalis. 

F.  tubifera. 

Ihris  tuherculata, 

Z>oriSy  n.Hp.  (like  verrucosa). 

D.  obveiata. 

Folyeera  quadriltneata. 

Defraneia  sp. 

RosteUaria  pespelieanL 

Dentalium  euliUe, 

Mytxlus  edulis. 

Cardium  edule. 

Corbula  nucleus, 

Maetra  soUda. 

Maetroy  n.sp. 

Feeten  opercularis, 

F.  striatus. 

F.  septemradiatus, 

Anotnia  squamula. 

A,  undulata. 

A,  aculeata. 

AftomiUf  n.sp. 

Jdalla  eaudata. 

Tritornia  velata. 

Eolidia  papillosa, 

Aetaon  minutum. 

Fatella  pellueida, 

F.  virginea. 

F.  tesselata. 

Chiton  einersus, 

C.  rttber. 

Ascidia  rustiea. 

FaludineUa  sp. 


Orsted  does  not  give  names  to  these 
four  spedee,  as  he  had  not  seen  the 
animal,  but  only  dead  shells  (id^ 
p.  70).  He  also  refers  to  three  new 
species  of  Ascidia  to  which  he  does 
not  give  names  (id.,  p.  74). 


The  living  fauna  of  the  two  Belts  is  not  so  well  known  as  that  of 
lie  Sound,  but  it  apparently  has  the  same  lesson  for  us. 

Meyer  tells  us  he  found  in  the  Little  Belt,  between  the  islands  of 
?and  and  Fiinen,  in  half  a  day's  dredging,  several  species,  such  aa 
Tkfio  eoronata,  Saxteava  rugoaa,  Flu8trafoliacea,8Lud  Solaater papporuif 
p^hich  do  not  occur  in  the  Baltic,  while  in  a  few  hours'  fishing  in  the 
3reat  Belt  he  added  the  following  species  of  marine  animals  to  those 
)courriDg  in  the  true  Baltic  (Meyer  &  Mobius,  i,  xix) : — 

Trochtts  einerarius.  Leda  eaudata. 

Apcrrhats  pespelieani.  Saxieava  rugosa. 

Sealaria  communis.  Balanus  poreatus. 

Eulitna  distorta.  Fomatocerus  trieuspis. 

Trophon  elathratus.  Fsolus  phantapus. 
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Eehinut  drobaehientis,  Ophiura  UxtmrmU, 

EehinoeyamuM  angulotm,  Nomomna 

Amphidetut  eordattu.  BuUmina  teahr: 

Ophiopholit  aeuUata,  MUiolina 


In  addition  to  the  eloqaent  testimony  of  theee  lists  it  should  \» 
remembered  that  in  the  Sound  certainly,  and  probably  in  the  Beltir 
the  number  of  species  is  larger  in  their  northern  than  thw  aoathem 
parts.    The  evidence  is,  in  fact,  complete  and  oondoaiye  thai  these 
three  conduits  are  mere  outlets  of  the  Cattegat,  and  their  oonteoti, 
like  the  contents  of  marine  origin  in  the  Baltic,  are  colonists  firom 
that  wide  arm  of  the  sea,  which  migrated  at  the  time  of  the  shatteiing 
of  the  ancient  land-bridge,  and  thus  became  highways  by  which  the 
salt  water  of  the  Cattegat  and  a  portion  of  its  living  contents  found 
their  way  into  the  Baltic. 

We  cannot  any  longer  doubt  that  the  whole  of  the  marine  fanna 
and  flora  of  the  Sound,  the  Belts,  and  the  Baltic  are  comparatively 
quite  recent  immigrants,  and  that  before  the  breakdown  in  Uie  bridge 
just  referred  to  there  were  none  of  them  to  be  found  south  of  the 
northern  entrances  of  the  three  waterways  in  question.  A  parallel 
case  to  this  breakdown  and  its  consequences  is  quoted  by  Beclns, 
who  says : — 

"  The  literal  '  cordon '  which  bounds  the  Limfiord  on  the  west 
has  been  broken  down  several  times  by  tempests,  notably  in  1624, 
1720,  1760,  and  on  Nov.  28th,  1825,  when  terrible  inundations  over- 
whelmed the  low  districts  of  the  North  Sea The  outer 

beach  of  the  Limfiord,  known  as  the  Harboore  Tange,  was  broken 
down,  and  the  waters  of  the  lake  were  once  more  united  to  the  sea 
by  one  of  the  numerous  Nymunde  (new  mouths). 

**  Before  the  opening  of  the  breach  at  Agger  all  the  western  part 
of  the  Limfiord  formed  a  fresh-water  lake,  but  the  intrusion  of  the 
sea  water  and  the  recommencement  of  a  marine  current  caused  great 
changes.  Multitudes  of  fish  entered  it,  while  the  proportion  of 
salinity  rose  to  18  per  thousand,  and  oyster  beds  were  formed  here 
and  there.  This  new  entrance  was  not  used  for  navigation  till 
1854,  and  it  was  subject  to  great  oscillation,  at  one  time  not  having 
more  than  1^  metres  on  the  bar  and  sometimes  3  metres.  In  1863 
a  new  mouth  was  opened  at  Ron.  In  1875  that  at  Agger  was  again 
closed  by  the  sea."     ("Nouvelle  Geographic,"  v,  10.) 

What  it  is  a  little  startling  to  find,  however,  is  that  not  only  have 
all  the  marine  forms  of  life  in  the  Baltic  and  its  three  inlets  migrated 
thither  recently,  but  actually  in  the  human  period  and  during  the 
so-called  Neolithic  or  second  Stone  age;  and  that  all  the  variations, 
distortions,  and  stunting  of  various  forms  of  marine  life  in  the  Baltic 
which  differentiate  them  from  the  similar  forms  in  the  open  sea,  and 
which,  in  this  view,  become  more  than  ever  important  and  deserving 
of  study,  have  arisen  since  man  occupied  the  country. 

It  seems  to  me  that  this  fact  makes  it  very  important  that  all  the 
forms  of  life  in  the  Baltic  should  be  subjected  to  a  newer  and  closer 
analysis  than  they  have  yet  received,  with  the  object  of  ascertaining 
how  far  and  in  what  wa^  the  marine  fauna  of  the  North  Sea  has 
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been  sopbistioated  in  yarioos  ways,  quite  lately,  in  order  to  adapt 
it  to  the  oonditioQS  of  brackish  water  in  the  Baltic. 

Let  OS  now  take  another  step.  It  will  be  quite  obvious  to 
everybody  that  when  the  breakdown  in  the  laod-bridge  so 
frequently  referred  to  in  these  papers  took  place  it  was  not  only 
the  Baltic  and  its  fauna  which  was  certain  to  be  affected,  but  the 
Cattegat ;  only  that  in  the  latter  case  the  effect  would  be  the 
opposite  of  what  it  was  in  the  former.  The  breakdown  in  question 
no  donbt  opened  a  gate  for  a  great  inflow  of  salt  water  from  the 
Oattegat,  but  the  same  operation  opened  a  corresponding  gate  by 
which  the  fresh  waters  of  the  vast  Aneylus  sea  flowed  into  the 
Cattegat,  and  in  this  way  reduced  their  salinity  very  materially. 

Of  this  we  have  some  very  interesting  and  curious  evidence  in  the 
extinction  of  certain  molluscs  in  the  southern  part  of  the  Cattegat 
which  once  lived  and  thrived  there,  as  we  know  from  the  shell 
mounds  and  raised  beaches  and  kitchen  middens  of  the  northern 
shores  of  the  Danish  islands  and  the  southern  shores  of  the  Oattegat 
itself. 

This  important  induction  was  first  made  in  1888  by  the  Danish 
oonchologist  0.  G.  J.  Petersen.  He  thus  compares  the  fossil  and  the 
living  shells  he  had  found  in  the  Odense  fiord  in  the  island  of  Fuen 
C'Om  de  Skalbaarende  Mollusken  udbredningsforhold  i  de  Danske 
haven,  etc.,"  p.  60) : — 

Fossil  Shells.  Litino  Shells. 

Odottomia  sp.  Utrieulm  obtutus. 


»»        »> 


Aeera  bttllata. 


Utrxeulu*  truncatuUts.  Hydrohia  ulva. 

Mi/drobia  uha,  Rissoa  tnembrafiacea. 

JRistoa  tnembranacea.  It,  striata. 

JR.  striata,  var.  Lacuna  divarieata. 

R.  ineoHMpieua.  Zitorvia  litorea, 

Zitorina  litorea.  L.  obtmata, 

L,  rudit.  L,  rudis. 

L,  obtmata.  Cerithium  reticulatum, 

Cerithium  reticulatum,  Nasea  reticulata. 

Triforis  perversa.  Buccinum  undatum. 

Natta  reticulata.  Tectura  testudinaht. 

Anomia  squamula.  Modiolarea  diwors. 

Ostrea  edulia.  Cardium  edule, 

Mytilui  edulis.  C.  exiguum,  var. 

Cardium  exiguum  (t)'pical).  Mytilm  edulis. 

C,  edule.  Macoma  (Teilina)  balthica, 

Macoma  (Teilina)  balthica,  Abra  alba. 

Scrobicularia  plana.  A.  niticla. 

Venue  {Tapes)  pullastra.  Solen  pellucidus. 

V,  (T.)  aureus.  Mactra  subtruneata. 

Montacuta  bidcntata.  Thracia  papyracea. 

My  a  arenaria.  Corbula  gihba. 

And  in  a  neighbouring  place  a  valve        Saxicava  rugosa. 

of  Tapes  decussatus.  Mya  truncata. 

M.  arenaria, 

Petersen  was  the  first  to  see  and  to  emphasize  the  importance  of 
these  lists,  especially  when  compared  with  other  evidence  to  be 

presently  referred  to.    He  pointed  out  that  among  the  molln&Q^ 
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which  once  evidently  flouriBhed  in  the  Odense  fiord  are  some  whioh 
can  no  longer  live  in  the  southem  part  of  the  Cattegat.  Amon^ 
these  he  specially  mentions  Ostrea  edtdis,  Cardium  exignum  (the 
typical  form),  Tapes  decmmtuM,  T.  pullastra,  and  T.  aureus. 

The  oyster,  which  once  apparently  lived  as  far  south  as  the  Ek^D- 
fiord,  no  longer  lives  south  of  a  line  from  Anholt  to  the  Horsens 
fiord.  On  the  Swedish  coast  it  does  not  occur  living  south  of 
Marstrand.  On  the  Jutland  side,  while  it  occurs,  hut  not  abundantly, 
at  Skagen,  it  flourishes  in  the  western  part  of  the  Limfiord. 

The  former  occurrence  of  the  oyster  in  great  banks  where  it  moit 
have  greatly  thrived,  where  it  will  no  longer  live,  was  further 
confirmed  by  the  examination  of  the  so-called  kitchen  middenSy 
which  contain  an  abundance  of  oysters  and  whose  distribution  is 
very  interesting.  They  are  not  found  in  the  interior  fiords  and 
channels  and  the  belts  between  the  islands,  but  are  almost  entirely 
limited  to  the  shores  of  the  Cattegat  and  the  Limfiord.  Thus, 
writing  in  1867,  Yaldemar  Schmidt  says  that  more  than  a  hundred 
kitchen  middens  were  then  known,  nearly  all  of  them  on  the  shores 
of  the  Cattegat  and  the  Limfiord.  The  west  coast  of  Jutland  and 
Schleswig  have  none  of  these  deposits,  showing  how  thej  have 
been  worn  away  by  the  sea.  The  greater  part  of  those  ooourrni||^ 
in  Zealand  are  found  on  the  borders  of  the  Boeekilde  fiord  and 
the  other  branches  of  the  Ise  Fiord,  thus  at  Eattingevek, 
at  Bregnebierg,  at  Herlevspynt,  at  Bilidt,  at  Gjevniogepyut,  at 
Gierdrup,  at  Soelayer,  at  Havelse,  and  quite  near  to  Roeskilde, 
at  the  bottom  of  the  fiord  at  Bierget,  at  Haraldsborg,  at  Bogenas, 
and  at  Askhoved. 

On  the  Limfiord  there  is  one  near  the  town  of  Aalborg,  on  the 
Sigiialbakke,  which  rises  60  metres  above  the  sea-level,  others  at  the 
Oesterbakker  (oyster  hills),  at  Koerdal,  Restnip,  and  Gudumlund. 

Further  towards  the  south  there  is  one  on  the  north  shore  of  the 
Mariagerfiord,  another  at  Visborg,  500  metres  long,  others  at 
Subaken,  Hadsund,  Kepshaek,  etc. ;  while  the  south  shore  of  the 
fiord  presents  others  over  au  extent  of  10  kilometres.  We  then 
come  to  the  deposits  at  Meilgard,  at  Kolindsund,  now  a  lake,  but 
once  an  arm  of  the  sea,  Kaloe,  etc.,  etc.  In  the  Horsens  fiord  we 
meet  with  a  mass  of  oysters  at  the  bottom  of  the  bay  called 
Korrostrand  ;  at  Boiler  we  find  remains  of  mussels  and  cockles. 
The  Veile  fiord  presents  several  deposits,  such  as  that  at  Bredhalla. 
The  northern  coast  of  Fuen  also  has  its  kitchen  middens.  Schmidt 
Kays  that  sometimes,  as  at  Gudumlund,  which  is  10  kilometres  from 
the  sea,  we  find  such  a  kitchen  midden,  but  he  says  in  such  cases 
they  were  planted  on  an  arm  of  the  sea  which  has  been  lost  by 
elevation.  He  says  further  that  in  Central  and  South  Denmark 
kitchen  middens  were  partially  inundated  by  the  sea,  e.g.  one  used 
to  exist  at  Viele. 

The  presence  of  the  oyster  here  of  full  size  was  long  ago 
commented  upon.  Thus  Lyell  says  :  "  Ostraa  edtdts  cannot  live 
at  present  in  the  brackish  waters  of  the  Baltic  [he  ought  to  have 
said    the    Southern    Catt^^a.!^   «x.Q»i^t    near    its    entrance,   where, 
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whenever  a  north-west  gale  prevails,  a  ourrent  setting  in  from 
the  ooean  pours  in  a  great  body  of  salt  water.  Tet  it  seems 
that  during  the  whole  time  of  the  accumulation  of  'the  shell 
mounds'  the  oyster  flourished  in  places  from  which  it  is  now 
excluded.  In  like  manner  the  cockle,  mussel,  and  periwinkle, 
which  are  met  with  in  great  numbers  in  '  the  refuse  heaps,'  are  of 
the  ordinary  dimensions  which  they  acquire  in  the  ocean,  whereas 
the  same  species  now  living  in  the  adjoining  parts  of  the  Baltic  only 
attain  a  third  of  their  natural  size,  being  stunted  and  dwarfed  in 
their  growth  by  the  quantity  of  fresh  water  poured  by  rivers  into 
that  inland  sea"  ("Antiquity  of  Man,"  pp.  13  and  14). 

We  can  hardly  doubt  that  the  extinction  of  the  oyster  in  the 
southern  waters  of  the  Cattegat  was  due  to  the  same  cause  which 
exterminated  the  IdtarinaSf  the  BiBSoas,  and  the  Scrobieularia  piperaia 
in  the  Eastern  Baltic,  which  I  have  described  at  great  length  in  an 
earlier  paper,  namely,  the  breakdown  of  the  land -bridge,  which 
affected  the  salinity  of  the  water. 

Baer  showed  that  the  oyster  cannot  live  in  water  holding  more 
than  37  parts  in  a  thousand  of  salt  or  less  than  16  or  17  parts; 
and  it  seems  plain  that  ^hen  the  oysters  were  living  in  the  Southern 
Oattegat  the  waters  of  the  latter,  as  Petersen  urged,  and  as  has  been 
generally  conceded,  were  both  salter  and  warmer. 

The  oyster  is  not  alone  in  having  had  to  move  further  north- 
ward, as  is  attested  by  the  shell  -  beds  and  also  by  the  kitchen 
middens,  which  contain  other  edible  molluscs.  The  typical  form  of 
Cardium  exiguum  and  Tapes  pullasira,  found  with  the  oyster  in  the 
raised  beds  and  kitchen  middens  of  the  Southern  Cattegat,  have  now 
withdrawn  to  the  Limfiord,  and  chiefly  to  its  western  part,  which  is 
the  most  salt 

Tapes  pullastra  still  lives  on  the  Swedish  side  of  the  Cattegat 
with  its  relative  T,  aureuSf  but  not  further  south  than  Bohusian, 
while  T.  decussatuSf  the  most  remarkable  of  all,  which  Steenstrup 
found  fossil  at  Kolindsund  and  in  the  Havelse  and  Manager  fiords 
(see  "  Oversigteme  over  Videnskahemes  Selskabs  Forhandlungen," 

L188),  is  not  found  living  now  in  either  of  the  great  fiords,  nor  in 
t  south  of  Bergen  in  Norway.  At  Marieburg,  Steenstrup  also 
found  Pecien  varius  and  species  of  Parihania  and  Odostomia,  now 
only  living  further  north,  as  at  Lighed  and  in  the  Limfiord. 

From  the  prevalence  of  several  species  of  Tapes  in  the  beds  at 
this  horizon  Petersen  called  them  the  Tapes  beds.  His  view  that  they 
argued  a  greater  former  salinity  in  the  Southern  Cattegat  has  been 
generally  accepted  by  the  Scandinavian  zoologists  and  geologists. 
De  Qeer  argued  that  the  access  of  more  salt  water  in  ancient  times 
to  what  is  forthcoming  now  was  due  to  the  fact  of  the  Limfiord 
having  been  open  and  there  having  been  a  continuous  current  through 
it  into  the  Baltic,  but  I  cannot  think  this  can  ever  have  been  the 
controlling  cause  of  such  an  important  change. 

What  reduces  the  salinity  of  the  Southern  Cattegat  is  the  immense 
outpouring  of  brackish  water  from  the  Baltic,  the  result  of  the  vast 
quantities  of  fresh-water  continually  pouring  into  it  firom  \ta  masi^ 
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riyers,  and  so  long  as  this  oatponring  has  taken  place  so  long  must 
the  salinity  of  that  sea  have  been  greatly  lowered.  I  have  no  doabt 
that  the  migration  of  the  Tapes  fauna  northward  was  due  to  the 
inrush  of  the  fresher  water  from  the  Baltic,  which  first  poured  out  of 
it  in  any  great  quantity  when  the  great  Baltic  breach  occurred. 

From  this  evidence  it  is  plain  that  the  Western  Baltic  and  its 
three  waterways  furnish  complete  confirmation  of  the  oondusion 
forced  upon  us  by  the  evidence  of  the  Eastern  Baltic,  namely,  that 
the  land-bridge  once  separating  the  Cattegat  fiord  from  the  great 
AneyluB  sea  was  broken  down  in  the  human  period,  and,  as  the 
western  evidence  shows,  after  the  period  when  the  kitohen-midden- 
men  lived  in  Denmark. 

The  same  evidence  also  points  to  the  breakdown  having  been  rapid 
or  sudden,  for,  so  far  as  we  know,  there  is  no  evidence  of  the  gradual 
dwarfing  and  distortion  of  the  oysters  and  the  Tapes,  but  they  went 
out  of  existence  when  in  full  prosperity,  as  if  the  cause  of  their  death 
and  extinction  was  a  catastrophe.  We  can  hardly  resist  the  further 
conclusion  that  during  the  period  when  the  kitchen-midden-men 
were  laying  down  their  refuse  heaps,  the  Baltic  was  a  fresh-water 
inland  sea,  and  the  Cattegat  was  much  salter  than  now,  with  a  salinity 
and  a  zoological  and  botanical  faoies  very  like  those  of  the  present 
Skageraok  and  North  Sea ;  and  that  these  same  men  could  then  pass 
to  and  fro  over  a  continuous  land-bridge  into  and  from  Skane  in 
South  Sweden  dryshod,  and  without  any  necessity  for  boats. 

Errata  in  previous  Papers. 

Page  316,  line  25, /or  at  Eordam  read  as  Rordam  says. 

Page  411,  line  30,  for  Skalbarende  and  udbredningsfolliold  road  Skalbscrende  and 
udbredningsforhold. 

V. — Rodents  from  the  Pleistocene  of  the  Western 

Mediterranean  Eegion. 

By   Dr.    C.    I.    Forsyth   Major,    F.Z.S. 

I.   Geographical  Distribution  of  ProlaguSf  a  Tertiary  type  of  Mouse- 
Hares  (Ogotonida),  during  the  Pleistocene, 

IN  a  former  publication  ^  I  have  dealt  with  the  anatomy  of  Prolagus 
sardus  (Wagn.),  from  the  Sardinian  and  Corsican  Pleistocene, 
in  comparison  with  that  of  its  Tertiary  relatives.  The  following 
pa^es  deal  with  the  geographical  distribution  of  Pleistocene  Prolagus 
and  its  bearing  on  more  general  questions. 

When  Cuvier  discovered,  in  the  ossiferous  breccia  of  Corsica, 
remains  of  a  *  LagomySy*  which  he  believed  to  be  closely  related 
to  the  Siberian  Lagomys  alpinus,  he  also  suggested  other  analogies 
between  the  faunas  of  the  two  regions — Siberia  and  Corsica  (as  well 
as  Sardinia),  and  commented  upon  the  supposed  relationship  between 
the  insular  Mouflon  and  the  Siberian  Argali.'  Similar  views  were 
expressed  by  R.  Wagner.* 

1  Forsyth  Major,  **  On  Fossil  and  Recent  Lagomorpha":  Trans.  Linn.  Soc. 
Lond.  (2),  Tol.  vii,  pp.  433-520  (1899). 

2  "  Ospements  fossiles,"  toI.  iv,  pp.  201,  202  (1823). 

3  Denkschr.  d.  MiincWt  A.Vadem\e,NQ\»"L,^,  1^^(^1832). 
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Pompelly/  Looard,'  and  Lortet'  songht  to  establish  a  oonneotion 
between  a  supposed  Oorsioan  'ioe-age/  as  attested  by  the  trace  of 
ancient  glaciers,  and  the  former  existence  in  the  island  of  a  supposed 
inhabitant  of  cold  regions,  the  Lagomy$  eorsicanus.  Hensel  had» 
however,  shown  before,  in  1856,  that  the  affinities  of  Lagomys  $arduB 
from  the  Sardinian  bone  breccia  are  not  with  the  recent  Lagomyi 
(Ogotona),  but  with  a  Miocene  type,  for  which  he  proposed  the 
generic  name  Myolagui^  (antedated  by  Frolagua,  Pomel).  He  was 
in  consequence  inclined  to  assume  a  Tertiary  age  for  the  breccias 
in  which  the  Prolagua  occurred  (and,  indeed,  for  the  whole  of  the 
Mediterranean  bone  breccias).  A  similar  view  has  again  been 
brought  forward  of  late  years.* 

I  myself  pointed  out  (1)  that  the  Corsioan  Lagomys  likewise 
belonged  to  the  genus  ProlaguB,  as  indeed  had  already  been  suspected 
by  Hensel*  from  his  inspection  of  Cuvier's  figures;  (2)  that  the 
Tertiary  age  of  the  Corsioan  and  Sardinian  breccias  could  not  be 
upheld,  above  all,  because  the  moUusca  occurring  in  them,  as  Locard 
bad  shown  to  be  the  case  in  the  ossiferous  breccia  of  Toga,  near 
Bastia,  are  still  living  in  the  neighbourhood.^ 

Not  the  least  interesting  feature  in  the  history  of  insular  ProlaguB 
is  its  contemporaneity  in  Corsica  with  Neolithic  man,  of  whose  food 
it  formed  a  part.*  The  same  observation  has  been  made  inde- 
pendently of  late  years  by  Monsieur  le  Capitaine  Ferton,  who 
explored  some  Neolithic  stations  in  the  South  of  Corsica.* 

The  fact  that  the  fauna  of  the  insular  breccias  proves  to  be 
totally  different  from  the  contemporary  fauna  of  the  surrounding 
continents ^° — and,  so  far  as  the  mammalia  are  concerned,  different 
also  from  the  present  fauna  of  these  islands — was  the  starting-point 
for  my  subsequent  work  on  the  island  life  of  the  Western  Medi- 
terranean region."  To  state  briefly  one  of  the  principal  points :  I  was 
led  to  consider  the  Sardinian  and  Corsioan  Pleistocene  faunas  as 
relics  of  the  Tertiary  period. 

^  B.  Pampelly,  '*  Sur  quelques  traces  de  glaciers  dans  Tile  de  Corse  "  :  Bull.  Soc. 
g6ol.  France  f2),  vol.  xvii,  p.  81  (1860). 

'  A.  Locara,  **  Note  snr  les  Bribes  osseoses  des  enr.  de  Bastia  (Corse)  " :  Arch. 
Mas.  Hist.  Nat.  Lyon,  toI.  i,  pp.  48,  49  (1872). 

'  Lortet,  **  Etude  sur  le  Lagomys  corsicanus  (Cuvier)  de  Bastia  (Corse) " : 
ibid.,  p.  56. 

•  Zeitschr.  deutsch.  geol.  Ges.,  vol.  viii,  pp.  689-703  (1866). 
»  Centralbl.  f.  Min.  Geol.  und  Pal.  No.  18,  p.  562  (1902). 

•  Op.  cit.,  p.  696. 

^  Forsyth  Major,  "  Breccie  ossifere  e  stazione  neolitica  in  Corsica  *' :  Bend.  B. 
1st.  Lomb.  Scienze  e  Lettere  (2),  vol.  xiii,  pp.  432-435  (1880]. 

■  Forsyth  Major,  "  Scoperte  Paletnologicne  in  Corsica" :  Archivio  per  PAntropo- 
loffia  e  TEtnologia,  vol.  x  (1880). 

•  Ch.  Ferton,  **  Sur  THiatoire  de  Bonifacio  d  P6poque  nSolithique  "  :  Actes  Soc. 
linn.  Bordeaux,  vol.  liii,  pp.  129-147,  347-366  (1898). 

10  Forsyth  Major,  in  Atti  Soc.  Tosc.  Sc.  Nat.;  Proc.  Verb.,  9th  March,  1879, 
p.  bmi;  id.,  in  Kosmos,  vol.  vii,  p.  6  (1883). 

II  Forsyth  Major,  **  L'Origine  della  Fauna  delle  nostre  isole":  Atti  Soc.  Toec. 
Sc.  Nat.;  Proc.  Verb.,  vol.  ui,  pp.  36-42,  113-133,  192  (1881-83).  Id.,  "Die 
Tyrrhenis.  Studien  iiber  geogr.  Yerbreitung  von  Thieren  und  Pflanzen  im  westl. 
Mittelmeerffebiet "  :  Kosmos,  vol.  vii,  pp.  1-17,  81-106  (1883).  Id.,  «*  Ancora  la 
Tyrrhenis'*^:  Atti  Soc.  Tosc.  Sc.  Nat. ;  Proc.  Verb.,  pp.  ia-2l  (lBa^\. 
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Professor  C.  De  Stefani,  after  having  Btrennoualj  opposed — and 
distorted — ^my  views/  adopted  my  remarks  as  his  own  on  the  dis- 
tinctness of  the  post-Pliocene  faunas  of  those  islands.  Among  his 
'  novel '  ohservatious  on  the  island  of  Sardinia  is  the  following : — 
<'Le  quatemaire  est  represeute  par  des  gr^s  tree  reoenta  et  par 
nne  infinite  de  hreches  osseuses  contenant  une  ikone  abondante  et 
Strange,  tout  k  fait  d^tachee  des  formes  oontinentales,  de  Tongeors, 
d'insectivores,  et  meme  de  carnivores  d'un  type  speciaL"-  Thos  it 
has  oome  to  pass  that  in  the  last  two  editions  of  De  Lapparait's 
Manual  of  Geology^  the  credit  for  these  observations,  and  for  the 
oonolusions  drawn  from  them,  is  given  to  the  Italian  writer,  who 
of  all  men  had  done  his  utmost  to  discredit  these  observations  and 
conclusions  when  they  were  expressed  by  myself. 

At  the  time  of  publication  of  *'  Die  Tyrrhenis,"  the  most  recent 
continental  deposits  known  to  contain  remains  of  ProlaguB  were  the 
lignites  of  Casino  in  Tuscany.  I  therefore  looked  towards  that 
geological  period  for  a  presumed  connection  of  Corsica  with  oon- 
tineutal  Europe.  **  On  European  soil  the  Myolagua  (=  ProlaguM) 
existed  last  as  a  contemporary  of  the  JSippariou  (Casino) ;  at  that 
period,  therefore,  there  may  have  still  been  in  existence  a  oonneotion 
between  Corsica  and  the  Italian  Peninsula."* 

Next  came  Deperefs  discoveries,  in  the  Middle  Pliocene  of 
Perpignan  (Houssiilon),  of  abundant  remains  of  a  ProlaguSj  which 
the  writer  considered  indistinguishable  from  the  Corsioan  form.* 
This  observation  led  to  his  ingenious  hypothesis  of  an  isthmus 
uniting  the  crystalline  formations  of  Western  Corsica  with  tliose  of 
the  Maures  (Southern  France) ;  an  isthmus  which  separated  two 
regioiib  of  tlie  Pliocene  MediterraueaD,  distinguished  from  each 
other  by  a  dilTerence  in  their  respective  moUuscan  faunas.  '*  C*est 
par  cet  isthme  que  les  animaux  pliocenes  du  continent  ont  pu 
umigrer  sur  la  terre  de  Corse  et  s^y  perpotuer  plus  longtemps 
menie  quo  sur  lu  continent,  j usque  dans  les  temps  pleistocenes.  II 
n'etjt  pur  iiitposBiljle  meme,  etaut  donno  la  presence  eu  Cor&e 
d'eBpeces  actuelles  do  mammiferes  et  de  Thomme,  que  cette  com- 
munication se  Boit  maintenue  jusqu'fii  une  epoque  assez  recente.'** 

I  had  myself  hinted  ^  at  the  possibility  of  a  union  in  the  direction 
advocated  by  Deperet ;  I  do  not  see,  however,  that  a  connection 
with  Itiily  in  an  anterior  period  is  excluded  by  Deperet's 
arguments."*  The  Pliocene  sea  in  the  region  between  Corsica  and 
Tuscany,  attested  inter  alia  by  the  marine  deposits  of  the  island 
Piauosa,  was  posterior  to  the  Casino  horizon,  which  coincided  with, 

»  Bull.  Soc.  Mnlacol.  Ital.,  vol.  ix,  pp.  224-230  (1883). 

»  C.  Do  Steluui,  *'N<)Uvolles  Observations  geol.  sur  Tile  de  Sardaigne":  C.  E. 
Paris,  vol.  cxiii,  p.  607  (IftUl). 

»  A.  (le  Lappartnt,  "  Trait<3  de  Geologie,"  3»«  ed.,  p.  1640  (1893);  4«'  ed., 
pp.  1804,  180o  (1000). 

*  *'  Die  Tynheiiis     ....":  Kosmos,  vol.  vii,  p.  106  (1833). 

*  Ch.  Deperet,  "Les  Animaux  Pliocdnos  du  RousBillon*':  M(m.  Soc.  g6ol. 
Prance;  raleontoloffic,  Mem.  No.  3,  pp.  66,  122  (1890). 

*  Ch.  Deperet,  ''Etude  de  qnelques  giscments  nouveaux  de  Vert^br^s  Pl^istoc^es 
de  I'ile  de  Corse  " :  Ann.  Soc.  Linn.  Lyon,  vol.  xliv,  pp.  125,  126  (1897). 

'  Kosnios,  vol.  vii,  p.  lOo. 
«  Op.  cit.,  pp.  125,  l^b. 
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or  followed  immediately  upon,  the  period  of  the  maximum  of 
regresaioii  of  the  Mediterranean,  a  period  the  marine  equivalents 
of  which  are  not  yet  known. 

As  to  the  supposed  presence  in  the  Corsican  Pleistocene  fauna  of 
recent  mammalian  species,  I  know  none,  with  the  exception  of  the 
Cervus  corsieanus  and  Ovis  musimon,  which  last  certainly  during  the 
Pleistocene  was  already  an  inhabitant  of  Sardinia,  and  most  probably 
also  of  Corsica.  Dep^ret  gives  a  list  of  the  species  recognised  by 
Cuvier,  Lortet,  and  himself  in  the  **  poches  4  Lagomys  "  of  Corsica  ^ ; 
I  myself  had  also  given  a  list  from  my  own  collections.^  Deperet's  list 
includes  the  following  recent  species  of  mammals  :  Myoxus  glis,  Mus 
gylvaticus,  **Arvieola  groups  d^amphibius"  Cants  vtdpes,  Ovis  musimon. 

The  Ovis  musimon  of  Lortet's  list,'  ''  Mouflon,  ou  probablement 
nne  autre  esp^  semblable,"  rests  on  a  rib  I  In  Sardinian  deposits 
I  found  some  teeth  and  an  incomplete  skull,  which  I  found  to  agree 
with  0.  musimon.  The  Cants  tndpes,  given  with  doubt  in  Lortet's 
list,  again  rests  on  '  ribs.' 

The  vole  collected  by  myself  in  the  Toga  breccia,  near  Bastia,  is 
not  an  Arvieola  of  the  amphibius  group,  but  an  extinct  form, 
Arvieola  Henselif  Maj.,  which  frequently  occurs  in  the  Sardinian 
Pleistocene,  and  of  which  more  will  be  said  hereafter. 

The  Mus  found  by  myself  at  Toga  is  not  Mus  sylvatictiSt  but  the 
extinct  *Mus*  orthodon,  Hens.  My  description  of  this  species^  is 
partly  based  on  specimens  from  the  Corsican  locality,  partly  on 
Sardinian  specimens  (breccia  of  Bonaria,  near  Cagliari). 

Monsieur  Claude  Gaillard  has  most  kindly  forwarded  to  me  the 
remains  of  a  Olis  from  Toga,  preserved  in  the  Lyons  Natural 
History  Museum ;  they  are  two  left  mandibular  rami  and  several 
bones  of  the  skeleton.  There  is  no  doubt  that  it  is  the  recent  species 
Glis  glis  (= Myoxus  glis),  but  it  is  quite  as  certain  also  that  these 
remains  have  a  fresher  appearance  than  those  of  the  Prolagus.  The 
difficulty  is  that,  so  far  as  I  know,  Qlis  has  not  been  mentioned 
as  a  member  of  the  recent  Corsican  fauna ;  that  does  not,  however, 
imply  that  it  may  not  exist  in  the  island. 

The  fauna  of  the  Corsican  breccias,  in  my  opinion,  lends  support 
to  the  hypothesis  that  the  isthmus  spoken  of  may  still  have 
subsisted  in  older  Pleistocene  times,  but  certainly  not  later. 

A  new  aspect  of  the  geographical  distribution  of  Prolagus  is 
afforded  by  the  occurrence  of  this  rodent  in  Pleistocene  continental 
deposits.  Li  a  recent  notice  Deperet  reports  on  the  discovery,  in 
a  cave  at  Gracia,  close  to  Barcelona,  of  a  Lower  Pleistocene  fauna, 
including  Bhinoceros  Mercki,  a  small  form  of  Cervus  elaphus,  and 
numerous  remains  of  Prolagus  corsieanus.^ 

*  Op.  cit.,  p.  122. 

«  Kosmos,  vol.  vii,  p.  6  (1883). 

'  Arch.  Mua.  Hist.  Lyon,  vol.  i,  p.  43  (1872). 

*  Atti  8oc.  To8C.  Sc.  Nat. ;  Proc.  Verb.,  vol.  iv,  pp.  139-146  (1884). 

B  Gh.  Deperet,  **  Sur  Toridne  et  la  dispersion  geographique  du  Lagomyt 
torgieanua^*  :  C.  R.  Paris,  vol.  cxxxv,  pp.  884-886  (1902).  See  also  Almera  & 
BofiU  J  Poch,  **  Consideraciones  sobre  los  Kestos  fosiles  cuatemarios  de  la  Cavema 
de  Gracia  (Barcelona)  ** :  Mem.  B.  Acad.  Ciencias  y  Artes  de  Barcelona,  vol.  iv  (3\^ 
No.  33,  pp.  7,  8  (1903). 

DECADE  r.^TOL.  IX.^MO.  X.  ^^ 
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Gibraltar.— In  the  "Onemefnts  foflsHes"  CaTier  reprodnoet  t 
drawing  by  Adrian  Camper  of  a  specimen  from  the  Gibraltar  bone 
breccia  in  Camper^s  collection ;  the  specimen  exhibits  two  maadi- 
bnlar  rami  of  a  rodent  which  Cavier  determined  with  some  doabt  ai 
belonging  to  '  Lagomys,*  ^  Bnd.  Wagner,'  as  well  as  HenseU'  ^ere 
even  more  positiye  than  Cavier  in  ezclading  the  genos  Lepma  in  fiivoar 
of  Lagomys.  For  myself,  I  have  never  doubted  that  the  two  rami 
belong  to  a  species  of  Frdagiu,  but  have  refirained  from  mentioning  it; 
being  infloenced  by  the  following  statement  made  by  George  Bink: 
"We  may  ....  in  the  absence  of  further  information, 
perhaps  be  allowed  to  doubt  whether  the  specimens  in  question 
really  came  from  Gibraltar,  where  certainly  in  the  enormous  msa 
of  bones  and  breccia  examined  by  Dr.  Falconer  and  myself  nothing 
of  the  kind  has  turned  up."*  Unfortunately  very  little  has  been 
preserved  of  the  ''enormous  mass  of  bones  and  breoda"  bronglit 
together  chiefly  by  Captain  Brome's  exertions  and  forwarded  to  the 
Bojal  College  of  Surgeons.* 

On  examining,  several  years  ago,  some  scanty  fragmenta  of  bone 
breccia  from  the  fissure  at  Bosia  Bay,  Gibraltar,*  in  the  ooUection  of 
the  Geological  Society  of  London,  and  presented  by  Mr.  James  Smith, 
of  Jordan  EUll,  I  discovered  in  one  of  them  (No.  6)  the  horizontal 
section  of  a  molar  tooth,  exhibiting  the  characteristic  pattern  of  the 
anterior  lower  premolar  of  Frolagu$.  There  is,  therefore,  no  more 
reason  now  to  doubt  of  the  provenance  of  Camper's  specimens.  The 
dimensions  of  the  tooth — greatest  longitudinal  diameter  =:  2*4  mm. ; 
greatest  transverse  diameter  (behind)  =  2-3  mm. — agree  well  with 
the  rather  large  diraensions  of  the  mandibles  figured  by  Cuvier  after 
A.  Camper's  drawing. 

In  the  British  Museum  (Geological  Department)  is  preserved 
a  small  bit  of  stalagmitic  breccia,  from  Gibraltar,  according  to  the 
information  received  (the  specimen  was  purchased  from  a  dealer), 
which  contains  inter  alia  a  right  mandibular  ramus  of  a  smaller 
species  of  Prolagus ;   this  I  have  named  (Prolagus  calpensis,  sp.n.), 

»  OsH.  fo«s.,  vol.  iv,  p.  174,  pi.  xiii,  fig.  4  (1823). 

*  Op.  cit.,  p.  7G3. 

*  Op.  eit.,  p.  695. 

*  G.  Bunk,  "On  the  Aucient  or  Quaternary  Fauna  of  Gibraltar"  :  Trans.  Zool. 
Soc.  Lond.,  vol.  X,  p.  o8  (1876). 

*  '*  Somo  of  the  brightest  records  of  the  militar)*  glory  and  prowess  of  our  country 
are  indissolubly  connected  with  Gibraltar.  A  great  nation  like  England  cannot 
afford  t^)  ne^'lect,  or  disregard  without  reproach,  whatever  bears  on  the  natural 
histor}'  or  archtuology  of  so  renowned  a  possession  "  (Busk  &,  Falconer,  in  Quart 
Journ.  Geol.  Soc.  London,  vol.  xxi,  p.  368,  1865).  Meanwhile,  we  leave  it  to 
French  pfeologists  to  set  us  rieht  on  the  geological  age  of  the  *rock'  (:»ee  Suess, 
"La  Face  de  la  Terre,'*  vol.  i,  p.  229,  footnote  4,  1897  ;  and  Lapparent.  '* Traits 
de  Geologic/*  4th  ed.,  p.  1098,  1900),  and  to  a  German  malacologist  to  enlighten  us 
on  the  recent  malacological  fauna  of  Gibraltar  (see  Kobelt,  '*  Studien  zor  Zoo- 
geographie,"  vol.  ii,  pp.  225,  243,  1898).  And  last,  not  least,  we  throve  attny 
Fundeveloped)  pala'ontological  collections  brought  together  under  exceptionally 
lavourablfi  circumstances  by  an  enthusiastic  collector, 

*  '*  From  this  fissure  ton -loads  of  mammalian  remains  were  obtained  during  the 
scarping  of  the  cliffs,  but  unfortunat<3lv  these  have  long  been  dispersed  "  (Ramsay  & 
J.  Geikie,  in  *•  Geology  of  Gibraltar,'^  Quart.  Joum.  Geol.  Soc.  London,  vol.  xxiiv, 
p.  521,  1878). 
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«nd  it  is  desoribed,  and  figared  in  the  Catalogue  of  Fossil  Bodentia 
aotnally  in  print 

Cette, — From  the  ossiferous  breooia  of  Cette  (Horault)  Cuvier 
mentions  some  soapulad — one  of  which  is  figured — of  a  small  rabbit 
{'lapin'),  of  which  it  is  stated,  however,  that  it  could  scarcely  have 
attained  the  dimensions  of  a  guinea-pig.  Cuvier  remarks  that  very 
possibly  these  scapulae  mav  belong  to  the  same  species  as  the 
mandibular  rami  of  Gibraltar.^  This  is  my  opinion  also,  and 
I  would  add  besides  that  two  incomplete  metatarsal  bones  from 
'the  same  breccia,  mentioned  and  figured  in  the  "  Ossements 
foesiles,"  ^  likewise  belong  to  Prolagtis, 

Batonneau, — Oontinuing  our  journey  eastwards,  we  next  arrive 
at  the  ossiferous  breccia  of  the  islet  Ratonneau,  opposite  Marseilles, 
from  whence  P.  G^rvais  obtained  three  molars  and  a  lower  incisor  of 
a  '  LagomysJ '  Considering  that  in  the  same  breccia  was  found 
«  species  of  Hystrix,  FT.  major^  whose  affinities  are  with  Tertiary 
porcupines,^  we  may  fairly  assume  that  the  Lagomys  teeth  also 
belong  to  the  older  type  of  the  family,  viz.  Prologue,  rather  than  to 
a  member  of  the  recent  genus. 

(According  to  a  statement  in  Almera  &  BofiU  y  Poch's  paper, 
above  quoted,'  Messrs.  Deperet  &  Deydier  have  found  the 
Prologue  eorsicanus  in  a  cave  of  the  valley  of  the  river  Durance 
(Yauoluse).  Monsieur  Marc  Deydier,  of  Cucuron,  however,  kindly 
informs  me  that  this  statement  rests  on  a  misunderstanding.) 

{To  be  conelitded  in  our  next  number.) 
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AND  Ireland. 

WE  regret  to  find  that  we  are  rather  behindhand  in  bringing  to 
the  notice  of  our  readers  some  of  the  memoirs  issued  by  the 
Oeological  Survey ;  but  we  can  plead,  with  every  hope  of  pardon, 
that  the  publication  of  our  General  Index  has  not  uuprofitably  (so 
far  as  our  contributors  are  concerned)  occupied  our  time.  Memoirs 
dealing  with  parts  of  England,  Wales,  Scotland,  and  Ireland  have 
reached  us. 

L  England. — The  Water  Supply  of  Lincolnshire  from  Under- 
ground Sources  :  with  Beoords  of  Sinkings  and  Borings. 
Edited  by  Horace  B.  Woodward,  F.R.S.,  with  contributions  by 
William  Whitaker,  F.R.S.,  H.  Franklin  Parsons,  M.D.,  and 
Henry  Preston,  F.G.S.     pp.  229.     (1904.     Price  4«.  6d.) 

»  098.  fo98.,  vol.  iT,  p.  178,  pi.  liv,  fig.  26  (1823). 
'  Op.  cit.,  vol.  iv,  p.  178,  pi.  xiv,  fig.  27. 

3  P.  Gervais,  in  C.  R.  Paris,  vol.  xlix,  p.  511  (1859).    Id.,  Zool.  Pal.  G6n., 
vol.  i,  p.  76  (1867-69). 

*  P.  Gervais,  opp.  citt.    Ch.  Depdret,  **  Les  Animaux  Pliocenes  du  RoussUlon" : 
loc.  cit.,  pp.  43-47  (1890).  Id.,  in  Ann.  Soc.  Linn.  Lyon,  vol.  xUv,  p.  125,  footnote  2. 

*  Op.  cit.,  p,  7. 
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This  is  a  continuation  of  the  series  of  coanty  memoirs  on  water 
supply,  of  which  those  relating  to  Sussex  and  Berkshire  have  been 
published. 

Records  of  all  known  borings  and  sinkings  in  Linoolnshire  are 
given,  together  with  numerous  analyses  of  water.  In  the  introdnctioB 
Uiere  is  a  general  account  of  the  geological  formations,  especially  in 
reference  to  the  water-bearing  strata,  and  a  separate  article  on 
rainfall,  accompanied  by  a  map  by  Dr.  H.  B.  MilL 

II.  Wales.— The  Geology  of  the  South  Wales  Coalfield.     Part  VI  ? 

The  Country  around  Bridgend.  By  Aubrey  Strahan,  F.R.S., 
and  T.  C.  Cantrill,  F.G.8.,  with  parts  by  H.  B.  Woodward, 
F.RS.,  and  R.  H.  Tiddeman,  M.A.     pp.  120.     (190^     Price 

la.  6d) 

This  is  an  explanation  of  Sheets  261  and  262  of  the  Geological 
Survey  Map  (colour-printed),  and  deals  with  a  bordering  portion  of 
the  main  coalfield  of  South  Wales.  The  area  is  largely  occupied  by 
the  Lower  Lias,  the  Rhsetic  beds,  and  the  Keuper  Marls  and  Con- 
glomerate-- the  last-named  familiarly  known  as  the  Dolomitio 
Conglomerate.  It  includes  the  interesting  tracts  of  littoral  Lias  at 
Sutton  and  Southerndown ;  also  Aberthaw,  famed  for  its  lime  and 
oement.  A  small  area  of  Coal-measures  and  Millstone  Grit  and 
larger  areas  of  Carboniferous  Limestone  and  Old  Red  Sandstone  are 
described.  The  hsematite  of  Llanharry  and  the  Glacial  and  post- 
Glacial  deposits  are  duly  noticed. 

III.  Scotland. — The  Geology  of  West  Central  Skye,  with  Soay. 
By  C.  T.  Clough,  M.A.,  and  Alfred  Harker,  F.R.S.  pp.  59. 
(1904.     Price  1«.) 

This  Memoir,  descriptive  of  Sheet  70  of  the  Geological  Map  of 
Scotland,  gives  a  brief  account  of  the  Tertiary  igneous  rocks  of  the 
Cuillins,  and  of  the  basalt  plateaux  lying  to  the  north  and  west  of 
that  mountain  group.  The  Torridonian  rocks  and  the  Tertiary 
intrusions  occurring  in  the  island  of  Soay  are  described.  The 
patches  of  Triaseic,  Jurassic,  and  Cretaceous  rocks  found  ou  the 
cliflfs  on  the  north  side  of  the  Sound  of  Soay  are  referred  to.  Special 
chapters  are  devoted  to  the  Glacial  and  post-Glacial  accumulations 
and  to  the  pliysical  features  and  scenery. 

Tlie  Geology  of  the  Country  around  Blair  Atholl,  Pitlochry,  and 
Aberfeldy.  By  G.  Barrow,  F.G.S.,  J.  S.  Grant  Wilson,  and 
E.  H.  Cunningham  Craig,  B.A.,  with  petrological  notes  by 
J.  S.  Flett,  D.Sc.     pp.  161.     (1905.     Price  3«.) 

This  is  an  explanation  of  Sheet  55  of  the  Geological  Map  of 
Scotland,  the  area  being  entirely  within  the  Highland  district  of 
Perthshire.  It  is  one  of  the  most  picturesque  of  the  mountain 
regions,  made  up  mainly  of  various  schists,  with  the  limestones  of 
Loch  Tay  and  Blair  Atholl,  some  grits  and  quartzites,  and  the  so- 
called  '  Green  Beds,'  a  term  not  very  happily  applied  to  **  a  series 
of  sedimentary  BcliisVs,  aom^Wm^^  ^^bbly,  and  usually   containing 
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a  considerable  amount  of  hornblende,  ohlorite,  or  epidote."  Epidiorite, 
hornblende  sohist,  and  gneiss,  and  less  altered  igneous  rooks  of  many 
kinds,  together  with  sundry  glaoial  drifts,  alluvial  deposits  and  peat,- 
make  up  the  table  of  formations.  The  memoir  is  well  illustrated  by 
effeoiiTe  piotorial  views,  but  it  is  stiff  reading  for  the  pedestrian, 
who,  rambling  along  the  Pass  of  Killiecrankie,  over  the  heights  of 
Ben  Yrackie,  on  the  shores  of  Loch  Bannooh,  or  over  Cam  Mairg, 
wishes  to  gather  a  general  notion  of  what  geology  teaches. 

rV.  Ireland. — Tbe  Geology  of  the  Country  around  Belfast.  By 
a.  W.  Lamplugh,  F.G.S.,  J.  R.  Kilroe,  A.  McHenry,  M.R.I.A., 
H.  J.  Seymour,  B.A..  W.  B.  Wright,  B.A.,  and  H.  B.  Muff,  B. A. 
pp.  166.     (1904.     Price  3s.) 

This  is  an  explanation  of  the  special  one  inch  map  of  Belfast, 
oolour-printed,  with  Drifts,  and  it  is  accompanied  by  some  interesting 

Eictoriid  views  of  the  Cave  Hill  quarries  (Chalk  overlain  by  basaltio 
kvas),  of  the  Ordovician  rocks  on  the  coast  at  Camalea,  and  other 
geological  features.  The  account  of  the  Palsdozoic  and  Mesozoio 
rocks  and  of  the  Tertiary  volcanic  rocks  is  mainly  compiled  from 
previous  Survey  memoirs  and  the  published  works  of  later  observers. 
The  chief  work  of  the  Survey  was  in  the  detailed  mapping  of  the 
Drifts,  and  a  very  excellent  description  of  these  superficial  deposits 
has  been  drawn  up  by  Mr.  Lamplugh  and  his  colleagues.  They 
point  out  that  the  chief  features  are  pre-Glacial;  the  later  modi- 
fications being  mainly  due  to  the  partial  infilling  of  some  depressions 
and  the  carving  out  of  narrow  gorges  by  post-Glaoial  drainage. 
During  the  Glacial  episode  the  whole  area  was  buried  under  an 
ice-sheet,  and  therefore  protected  from  direct  subaerial  erosion, 
undergoing  only  the  more  partial  and  probably  much  less  rapid 
waste  from  the  passage  of  the  slowly  moving  mass.  Water  supply, 
agricultural  geology,  and  other  economic  matters  are  dealt  with  in 
this  Memoir.  

II. — Bbitibh  Museum  (Natural  History).  Guide  to  an  Exhibition 
of  Old  Natural  History  Books,  illustrating  the  Origin  and 
Progress  of  the  Study  of  Natural  History  up  to  the  time  of 
LinnsBus.  Compiled  chiefly  by  B.  B.  Woodward,  F.L.S., 
F.G.S.,  in  charge  of  the  General  Library,  assisted  by  the  officers 
of  the  several  dt^partments,  etc.  (London,  1905  :  printed  by 
order  of  the  Trustees.     Price  3d.) 

LONG  before  the  discovery  of  any  records  of  mau  inscribed  or 
carved  on  bones,  or  painted  on  the  walls  of  caves  and  rocks, 
on  temples,  tombs,  or  papyri,  we  may  feel  quite  certain  that  the 
earliest  representatives  of  our  race  had  been  directed  to  the  open 
book  of  Nature,  and  that  plants  and  animals  were  the  first  object- 
lessons  which  they  studied.  Adam,  indeed,  is  credited  by  his 
historian  with  the  authorship  of  the  earliest  '*  Index  Animalium," 
but  no  copy  survives.  Solomon  at  a  later  date  is  recorded  to  have 
been  a  botanist  of  wide  knowledge,  but  his  learning  was  oral  and 
traditional  and  is  lost  to  us. 
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Both  plants  and  animals  appear  on  Egyptian  and  Assyrian 
monuments,  and  the  love  of  the  Egyptians  for  animals  of  all  soitSr 
especially  for  those  held  sacred  to  special  deities,  is  well  known. 

''The  ancient  Egyptians,  howeyer,  made  no  systematic  stndy  of 
Natural  History,  nor  did  the  early  Greek  philosophers.  Some 
scattered  obseryations  are  met  with  among  the  writings  of  the 
latter,  while  to  Ptthaqobas  [b.o.  569-470]  have  been  attribnted 
ideas  concerning  the  changes  in  relative  level  between  sea  and  land 
that  may  not  improbably  be  those  of  later  observers.  Hkbodotds 
[b.0.  4S4-406J  certainly  mentions  the  occurrence  of  shells, 
presumably  marine,  on  the  hills  of  the  Nile  valley,  and  dednoes 
from  that  and  other  facts  the  former  extension  of  the  sea  over 
the  area.^ 

'' HippooBATEs  [b.o.  460-361],  the  priest-physician  and  'Father 
of  Medicine,'  mentions  the  uses  of  some  240  plants. 

"The  first  person,  however,  to  whom  belongs  the  credit  of 
instituting  a  genuine  study  of  Natural  History  was  Abistotlk 
[b.o.  384-322],  and  he  has,  therefore,  been  justly  called  the  'Father 
of  Natural  History.* 

"  His  writings  on  Animals,  of  which  he  appears  to  have  known 
some  500  species,  would  seem  to  contain  a  certain  admixture  of 
astronomical  symbolism  ; '  or  else  portions  belonging  to  bis 
astronomical  writings  were  by  an  error  of  his  first  transcribers 
incorporated  with  those  on  animals,  and  this,  considering  the 
conditions  under  which  his  MSS.  had  been  preserved,  would  not  be 

remarkable He  divided  animals  into  Enama,  or  those 

having  (red)  blood,  and  Ananias  or  those  without  and  subdivided 
the  former,  or  Vertebrata,  into :  Vivipara,  Birds,  the  other 
Ovipara  and  Fish  ;  while  the  latter,  or  Invertebrata,  were  sub- 
divided into  :  ]\Ialakia,  Malakostraca,  Entotna,  and  Ostrakoderma. 
The  insects  (Entoma)  he  yet  further  subdivided,  and  three  of  his 
groups,  Coleoptera,  Psychsa  [=Lepidoptera],  and  Diptera,  hold 
good  at  the  present  day  !     .     .     .     . 

**  In  botany  and  mineralogy  little  was  done  by  Aristotle  and 
nothing  in  geology  as  now  understood,  although  it  is  interesting  to 
note  in  passing  that  he  maintained  the  earth  to  be  a  spherical  body, 
while  he  was  acquainted  with  the  occurrence  of  fossils  in  the  rocks, 
and  discussed  the  changes  on  the  earth's  surface  necessary  to  account 
for  them. 

"It  was  Aristotle's  favourite  pupil  Theophrastus  [b.o.  371-286], 
to  whom  he  bequeathed  his  MSS.,  who  took  up  the  subjects  of 
botany  and  mineralogy.  Minerals  were  at  that  time  classified  into 
'metals'  and  *  stones,'  and  only  his  treatise  on  stones  has  survived; 
it  is  chiefly  interesting  as  showing  what  characters  were  made  use 
of  at  that  time  for  the  discrimination  of  minerals  and  the  description 
of  the  species,  as  well  as  a  record  of  the  places  of  their  occurreuce. 

I  Lyell  in  his  •*  Principles  "  does  not  seem  to  have  read  Herodotus'  statement 
quite  correctly. 

*  See  paper  by  D^Vrcy  Thompson,  "  On  Bird  and  Beast  in  Ancient  Symbolism"  ; 
Trans.  Roy.  Soc.  Edinburgh,  vol.  lax'viii,  p.  179. 
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''After  many  vioissitades,  which  inoladed  burial  in  a  oataoomb, 
the  remains  of  the  oombined  MSS.  of  Aristotle  and  Theophrastus 
passed  into  the  hands  of  Apellioon  of  Teos  [  -b.o.  85],  who 
attempted  their  restoration  and  had  them  copied.  The  transcripts 
were  afterwards  seized  by  Sylla  and  conveyed  to  Rome,  where  they 
were  subsequently  edited  and  given  to  the  world  by  Andronicus  of 
Bhodes;  but  their  real  publication  dates  from  1495,  when  they 
were  first  printed  in  the  original  Greek  by  the  celebrated  Venetian 
printer  Aldus  Manutius.  A  Latin  translation  by  T.  Gaza  of 
Theophrastus'  Be  hiatoria  et  eauBts  Plantarum  had,  however,  been 
printed  at  Treviso  in  1483. 

"Geology,  or  more  strictly  speaking,  physical  geography,  first 
received  serious  attention  at  the  hands  of  Stbabo  [b.o.  6d?~A.D.  24], 
who  originated  the  theory  of  the  alterations  of  the  level  of  the  land 
in  relation  to  the  sea,  in  contradistinction  to  the  former  belief  in  the 
ohanges  of  the  sea-level.^  His  Oeographieon,  which  was  written  in 
the  early  years  of  the  Christian  Era,  was  printed,  from  the  Latin 
translation,  at  Venice  in  1472  by  Vindelinus  de  Spira,  and  appeared 
in  the  original  Greek  in  1516  from  the  press  of  Aldus  Manutius. 

''The  oldest  popular  natural  history  book,  and  almost  encydo- 
psddia,  was  the  JSistoria  Naiuralis,  also  termed  the  Historia  ITundt, 
of  Flint  thb  sldbb  [a.d.  23-79].  This  voluminous  treatise  in 
thirty-seven  books  has  been  preserved,  and  presents  an  epitome  of 
the  state  of  Roman  knowledge  on  the  subject  The  number  of 
known  plants  had  by  this  time  increased  to  about  one  thousand,  and 
the  belief  in  the  existence  of  sexes  in  plants  had  become  established ; 
while  in  the  minerals  the  '  earths  '  had  been  made  into  a  class  apart 
from  '  metals '  and  '  stones.'  It  was  probably  the  earliest  work  on 
natural  history  to  be  printed,  the  editio  princeps  emanating  from 
J.  de  Spira's  press  at  Venice  in  1469. 

"The  next  most  important  work  was  the  celebrated  Materia 
Mediea  of  Dioscobides  [a.d.  40?-  ].  This  was  a  standard  book 
for  over  a  century,  and  was  the  basis  for  most  of  the  early  herbals. 

''It  was  first  printed  at  Medemblik,  Holland,  in  1478,  from 
a  Latin  translation,  made  by  Hermolaus  Barbarus.  The  Greek 
editio  princeps,  from  the  press  of  Aldus  Manutius,  at  Venice, 
appeared  in  1499.  The  work  became  the  subject  of  much  discussion, 
and  of  many  Commentaries  by  early  botanists  of  the  Eeuaissance, 
especially  P.  A.  Mattioli  [1500-1577]  and  his  contemporaries, 
who,  ignorant  of  the  differences  between  the  floras  of  East  and 
West  Europe,  were  led  into  endless  difficulties  in  their  attempts  to 
identify  their  plants  from  the  imperfect  definitions  of  Dioscorides. 

"ITie  three  Greek  writers,  Hippocrates,  Theophrastus,  and 
Dioscorides,  are  the  authorities  for  all  the  Greek  names  of  plants 
up  to  the  Christian  era. 

'*  With  the  epoch  of  Pliny  and  Dioscorides  the  classical  period  of 
natural  history  may  be  said  to  have  been  brought  to  a  close  :  the 
works  of  the  older  writers  became  less  studied  in  Europe,  and 

^  It  is  most  probable  that  Ovid  derived  orally  from  Strabo  tbe  ideas  which  he 
attributes  to  Pytnagoras  in  the  oft-quoted  passages  from  his  *'  Metamorphoses." 


472  Revieics — Old  Natural  History  Books^ 

oommonplaoe  books  like  those  of  ^lian  of  Praeneete,  a  compiler 
who  lived  in  the  third  century,  were  mach  used.  In  these,  scraps  of 
folklore,  travellers'  tales  and  fragments  of  misapprehended  soienoe 
were  set  forth  in  the  elegant  stjle  then  affected.  An  edition  of 
Elian's  colleoted  works  was  issued  by  Qesner  in  1556,  and  a  good 
edition  of  his  De  Natura  Animalium  was  brought  out  in  1774  under 
the  editorship  of  Abraham  Gronovins. 

'*  The  early  Christian  writers,  none  too  conversant  with  natural 
history,  utilized  these  works,  without  question  as  to  their  reliability, 
in  their  allegorioal  interpretations  of  Biblical  texts.  Hence  arose 
a  series  of  collections,  in  many  languages,  of  some  fifty  Christian 
allegories,  much  read  and  quoted  in  the  Middle  Ages,  known  by  the 
common  title  of  the  Physiologus,  or,  since  most  of  its  imagery  was 
borrowed  from  the  animal  world,  the  Bestiary. 

''On  such  productions  as  these  were  based  the  natural  history 
writings  of  the  Middle  Ages  —  *  dark '  indeed  as  regards  progress 
in  scientific  learning. 

"  Among  mediseval  European  writers  the  following  deserve 
notice :  —  Albbbtus  (Albert  von  BoUstadt),  called  Albebtus 
Magnus  [1193-1280],  a  Dominican,  and  sometime  Bishop  of 
Batisbon,  who,  among  his  numerous  writings,  included  com- 
mentaries on  Aristotle  and  treatises : — De  Animaltbus,  first  printed 
in  1479,  De  Mineralibus,  printed  1495,  and  Tahtda  iraetatuum 
parvorum  naturalium  (in  which  were  comprised  his  De  Vegetabilibus 
et  Plantis),  printed  in  1517. 

**ViNOENTius  Bklovaobnsis,  Or  Vincbnt  of  Beauvais  [c.  1190- 
c.  1264],  another  learned  Dominican,  who  resided  at  the  court  of 
Louis  IX  of  France,  compiled  at  the  instance  of  that  king 
a  Bihiiotheca  Mundi,  which  is  not  only  one  of  the  earliest  of 
encyclopedias,  but  the  greatest  of  the  Middle  Ages.  The  first 
part,  entitled  Speculum  Naturale,  written  about  1250,  contains 
thirty-three  books.     It  was  first  printed  at  Strasburg  about  1473. 

"  Bartholom^us  (Bartholomew  de  Glanville),  called  Bartholo- 
ILEUS  Anglicus  [fl.  1230-1250],  a  Minorite  Friar,  compiled  an 
encyclopedia  entitled  :  De  Vroprietaiihus  Berum^  which  as  a  manu- 
script was  known  in  Italy  in  1283  and  in  England  in  1296.  It 
was  first  printed  at  Basle  about  1470,  and  was  the  source  of 
common  information  on  natural  history  during  the  Middle  Ages. 

**  These  authors  were  followed  after  a  long  interval  by  : — 

"Leonardo  da  Vinci  [1452-1519],  who  was  not  only  a  great 
painter,  but  had  also  vast  knowledge,  among  other  subjects,  of 
anatomy,  botany,  and  geology.  He  vigorously  maintained  that  the 
contents  of  the  rocks  were  real  shells,  and  supported  the  belief  in 
the  changes  of  sea  and  land  which  this  view  implied.  His  writings 
on  these  subjects  were  not  printed  from  the  original  manuscripts  till 
1881  and  1883. 

**  GiROLAMo  Fracastoro  [1483-1553]  declared  his  opinion  that 
fossil  shells  had  all  belonged  to  animals  which  had  lived  and 
multiplied  in  the  places  where  their  exuviae  are  now  found,  but  he 
was  not  listened  to." 
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Did  space  admit  we  might  pursue  the  desoription  of  this  interesting 
exhibition  of  "Old  Masters/'  but  anyone  for  a  modest  threepence  may 
acquire  a  very  carefully  prepared  introduction  to  a  most  remarkable 
series  of  works  by  early  authors,  some  of  whose  writings  and  accom- 
panying illastrations  will  well  repay  a  visit  to  that  most  attractive 
Natural  History  Museum  in  Cromwell  Road,  which  has  now  become 
one  of  the  most  valuable  teaching-centres  in  London,  and  whose  library 
is  also  one  of  the  best  extant,  a  result  largely  due  to  the  energy  and 
ability  of  its  Librarian,  Mr.  B.  B.  Woodward,  to  whom  we  are  also 
indebted  for  the  present  exhibition  of  old  Natural  History  books  and 
for  one  of  the  best  Library  Catalogues  (still  in  progress)  which  has 
•ever  been  printed  of  works  bearing  on  Natural  History. 
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Bbitish    Association     fob    thb    Advanobmxnt    of    Soibnob. 
Capb  Town,  South  Afbioa,  August  16th,  1905. 

Address  to  thb  Geological  Section  (C)  bt  Professor  H.  A.  Mibbs,  M.A., 

D.Sc.,  F.B.S.,  President  of  the  Section. 

{Continued  from  the  September  Number^  p,  429.) 
JDoelter^s  Work  on  Melting-Fotnts  and  Solubilities. 

TELE  labours  of  Doelter  and  his  pupils  have  been  largely  devoted 
to  the  melting-points  of  the  rock-forming  minerals  and  their 
solubility  in  silicate  magmas.  From  experiments  upon  these  minerals 
and  their  mixtures  they  have  come  to  the  conclusion  that  in  many 
cases  the  melting-point  of  the  mixture  is  about  the  mean  of  the 
melting-points  of  the  constituents,  and  that  in  such  oases,  therefore, 
there  is  no  evidence  that  the  freezing-point  is  lowered,  or  that  an 
eutectic  mixture  is  formed  ;  so  that  it  is  not  safe  to  apply  the  theory 
of  oyro-hydrates  to  fused  mixtures  of  silicates. 

Doelter  is  therefore  led  to  regard  the  silicate  magmas  rather  as 
mixtures  of  various  constituents  which  may  be  dissolved  in  each 
other,  but  which  are  not  by  any  means  necessarily  identical  with  the 
minerals  which  separate  on  cooling.  The  whole  process  seems  to 
him  to  be  &r  too  complicated  to  be  explained  by  any  such  simple 
principle  as  the  mere  relative  proportions  of  the  various  constituents 
to  each  other  and  to  their  eutectic  mixture ;  the  order  of  crystallisa- 
tion must  be  determined  by  a  number  of  factors,  such  as  temperature, 
velocity  of  crystallisation,  the  interval  between  the  softening  and 
fusing  of  each  mineral  (which  he  finds  to  be  considerable),  viscosity, 
capillarity,  the  presence  of  water  and  mineralising  agents,  and  the 
absorption  of  adjacent  rocks. 

To  choose  a  simple  example  :  minerals  such  as  zircon,  corundum, 
and  titanite  separate  for  the  most  part  early,  because  they  are  less 
soluble.  On  the  other  hand,  magnetite  is  one  of  the  more  soluble 
minerals,  and  yet  it  is  one  of  the  first  to  separate ;  the  same  is  to 
a  certain  extent  true  of  augite,  but  not  always.     It  is  possible  that 
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in  a  magma  wbich  still  contains  the  mm  of  the  magnedto  in  nlotioD 
plagioclase  and  aagite  may  be  oomparatiTidj  solnhle  aad  ■agnedte 
oomparatiTely  insolnble,  bnt  that  when  mi^nedte  has  aheadr 
crystallised  oat  from  the  magma  the  plagioclase  and  aagite  may  be 
comparatively  insolnble;  the  experiments  which  are  wanted  are 
experiments  upon  the  solobility  of  certain  mineiala  in  magmas  of 
known  composition  nnder  known  conditions ;  in  these  and  similar 
instances  the  order  of  separation  is  that  of  the  solabQity,  but  such 
physical  factors  as  the  Telocity  of  crystallisation  (which  Tsries  Tery 
considerably  with  the  temperatnre),  and  the  Tisooeity,  may  com- 
pletely invert  the  order. 

Direct  experiments  made  by  Bams  and  Iddings  opon  the  electric 
condnctivity  of  silicate  magmas  afford  evidence  that  sodi  magmas 
contain  dissociated  as  well  as  nndissociated  molecnles,  so  that  they 
cannot  be  regarded  as  merely  fa.«ed  mixtures  of  certain  minerals. 
If  two  or  more  rock-forming  minerals  be  fused  together  it  may 
happen  that  they  form  new  compounds  and  crystallise  oat  as  different 
minerals,  or  if  one  or  the  other  remains  unchanged  it  may  crystallise 
out  in  a  different  proportion.  All  this  shows  that  doable  deoom- 
position  gfieM  on  in  the  liquid.  We  cannot  therefore  expect,  without 
knowing  the  degree  of  dii»80ciation,  to  make  such  use  of  the  lowering 
of  tht9  ffffezing- point  in  order  to  calculate  the  other  factors  in  the 
process  of  rock-fornriation. 

Doelter  concludes  that  upon  the  whole  the  normal  order  of 
cryHtalliHation  in  rocks  in  in  the  main  that  laid  down  by  Bosenbusch 
long  ag(»,  namely,  an  order  of  increasing  acidity,  but  that  it  is  deter- 
mined hy  the  mutual  affinities  of  the  molecules  in  the  magma,  and 
by  the  relative  power  of  crystallisation  of  the  components  into  which 
they  unite  theniselvt.'*,  and  that  the  physical  factors  which  I  have 
already  enumerated  play  a  very  important  part  in  the  process.  Ko 
one  has  endeavoured  more  systematically  than  Doelter  to  determine 
for  the  rock-forming  minerals  the  melting-points  and  the  solubilities, 
witliout  which  it  is  impossible  to  make  much  progress  in  our  recon- 
struction of  the  history  of  rocks.  He  has  recently  shown  us  how  the 
microscope  may  he  used  in  the  study  of  fused  silicates  at  high 
temperatures,  and  has  so  opened  up  a  new  field  of  research. 

Yogi's  Applications  of  the  Laws  of  Solutions. 

The  work  of  Vogt  has  extended  over  many  years,  and  is  now 
summarised  in  two  remarkahle  memoirs  recently  published  by  him, 
in  which  are  expressed  his  mature  opinions  upon  silicate  magmas : 
the  reasoning  is  based  upon  his  own  experiments,  upon  those  of 
Doelter,  and  upon  the  classic  researches  of  Ebelmen.  It  is 
now  gem^rally  conceded  that  the  particular  minerals  produced  in 
a  silicate  magma  depend  much  more  upon  the  chemical  composition 
of  the  magma  than  upon  temperature  and  pressure ;  Lagorio  and 
Morozewicz  were  led  to  this  conclusion  by  their  own  experiments 
upon  fused  silicates.  Experiments  upon  slags  at  ordinary  tempera- 
tures and  pressures  may,  therefore,  be  invoked  to  elucidate  the 
formation  of  rocks. 
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In  1902  Yogt  stated  his  oonviction  that  the  laws  of  solutions  may 
be  applied  to  igneous  rocks,  and  his  two  recent  memoirs  are,  in  faot,^ 
an  attempt  to  explain  the  experiments  upon  slags  and  fused  silioatea 
as  examples  of  the  operation  of  these  laws. 

All-important,  according  to  him,  is  the  composition  of  the  eutectio 
mixture ;  he  finds  that  if  the  analyses  of  silicate  magmas  be  arranged 
aooording  to  their  oxygen  ratio  or  acidity,  the  various  minerals  of 
which  they  consist  make  their  appearance  within  fairly  well-defined 
limits.  For  example,  in  the  case  of  the  Ca  Mg  Fe  Mu  slags,  which 
contain  little  alumina,  olivine  and  the  melilite  minerals  only  make 
their  appearance  in  the  more  basic  slags,  and  the  metasilicates  in 
the  more  acid,  the  limit  between  the  two  corresponding  to  an  acidity 
of  about  1-6. 

The  limit  of  individualisation  between  the  various  minerals  is 
supposed  to  correspond  to  their  eutectic  mixture.  Such  slags  may, 
therefore,  be  regarded  as  a  mutual  solution  of  two  or  more  of  the 
minerals  olivine,  enstatite,  hypersthene,  augite,  the  gehlenite-melilite 
group,  akermanite,  wollastonite,  and  the  hexagonal  metasilicate, 
which  is  so  characteristic  of  the  more  acid  slags.  The  particular 
minerals  which  make  their  appearance  are  practically  determined  by 
the  acidity  of  the  magma  and  by  the  relative  proportion  of  the  bases 
present,  particularly  by  the  ratio  of  the  calcium  to  the  magnesium- 
iron-manganese  group ;  in  other  words,  Yogt  asserts  that  a  silicate 
magma  is  a  mutual  solution  of  the  various  crystalline  compounds 
that  actually  make  their  appearance  as  it  solidifies,  and  that  the 
order  of  crystallisation  depends  upon  their  proportion  in  the  magma 
as  compared  with  their  proportion  in  the  eutectio.  The  old  conception 
of  a  solvent  and  a  solute  ceases  to  have  much  meaning;  the  matter 
which  is  of  supreme  importance  is  the  nature  of  the  eutectic  mixture 
when  the  constituents  are  given ;  thus  micropegmatite  and  micro- 
felsite  represent  the  eutectic  of  felspar  and  quartz,  and  correspond  to 
a  mixture  of  about  74  parts  of  felspar  to  26  of  quartz,  as  indeed  has 
been  stated  by  Teall. 

Now,  if  we  are  justified  in  regarding  rock-magmas  and  fused 
silicates  as  mutual  solutions  of  certain  definite  compounds,  and  if 
these  compounds  are  actual  minerals  or  other  silicates  which 
crystallise  out  of  the  magma  when  it  cools,  we  are  also  justified  in 
making  use  of  the  properties  of  these  minerals  when  we  apply  to 
the  magma  the  known  physico-chemical  laws  which  govern  solutions. 

The  number  and  nature  of  the  minerals  which  can  he  in  equilihriuiii 
with  each  other  and  the  solution  are  to  he  determined  hy  experiments 
upon  their  solubility  interpreted  by  the  phase-rule  of  Willard  Gibhs, 
and  especially  hy  the  laws  which  Koozehoom  and  other  physical 
ehernists  have  deduced  for  components  which  form  double  salts  or 
isomorphous  mixtures.  Knowing  the  components,  we  ought,  there- 
fore, to  be  able  to  determine  their  latent  heat  of  fusion,  their  specific 
heat,  the  lowering  of  the  freezing-point  of  their  mixtures,  and  from 
these  data  to  calculate  the  true  formulsa  of  the  rock-forming  minerals. 
It  will  readily  be  understood  that  in  a  mixture  of  quartz  and 
orthoolase,  the  lowering  of  the  freezing-point  below  that  of  either  of 
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the  constituents,  as  calculated  by  Van  't  Hoff's  formula,  {rom  tbeir 
melting-points,  latent  heats,  and  molecular  weights,  will  be  veiy 
different  according  as  the  formula  of  quartz  is  taken  to  be  Si  Of 
or  SijOfl. 

Yogt  boldly  attacks  the  whole  problem  as  one  that  can  be  solved 
on  these  lines :  we  have  good  reason  to  believe  that  tbe  slags  and 
rock-magmas  are  solutions  ;  we  know  their  constituents ;  we  oaa 
therefore  proceed  to  experiment  with  these  oonstitaents  and  to 
predict  the  behaviour  of  their  mixture  according  to  the  principles  of 
physical  chemistry.  The  order  of  crystallisation  is  mainly  deter- 
mined by  the  relative  composition  of  the  magma  and  tbe  eatectio, 
and  the  composition  of  the  eutectic  may  be  calculated  from  the 
intersection  of  the  freezing-curves. 

One  interesting  result  is  the  conclusion  that  in  the  silicate  magmas 
which  have  been  the  subject  of  experiment  the  minerals  produced 
are  all  of  very  simple  constitution  ;  that,  for  example,  olivine, 
diopside,  akermanite,  melilite,  and  anorthite  have  the  simplest 
possible  form ul SB  corresponding  to  their  analyses,  and  are  not 
polymerised.  Mineralogists  will  welcome  this  conclusion  if  it  be 
true,  for  it  has  occasionally  been  the  fashion  on  theoretical  groundB 
to  attribute  a  high  degree  of  polymerisation  to  many  minerals,  and 
nothing  is  easier  than  to  account  for  many  difficulties  if  one  may 
multiply  the  formula  of  a  mineral  by  any  number  that  is  required. 
It  should  be  added,  however,  that  Doelter,  calculating  from  bis  own 
experiments,  is  led  to  think  that  some  of  the  minerals  must  have 
formulas  which  are  multiples  of  their  empirical  formulas. 

Vogt  even  goes  a  step  further  in  his  application  of  the  principles 
of  modern  chemistry.  The  order  of  crystallisation  appears  to  be  by 
no  means  always  that  of  the  solubility,  but  indicates  that  a  mineral 
is  sometimes  not  so  soluble  as  might  be  supposed.  Now  another 
principle  in  the  modern  physics  of  solutions  is  that  by  adding  to 
a  solution  of  one  substance  a  new  electrolyte  containing  an  ion 
common  to  both  the  solubility  of  the  first  is  diminished,  and  Vogt 
does  not  hesitate  to  apply  this  principle. 

Thus  spinel  and  felspar  in  mutual  solution,  when  felspar  is  in 
large  excess,  should  on  cooling  yield  felspar  first.  But  in  many 
l^.'isio  rocks  spinel  is  the  first  to  crystallise ;  this  is,  according  to 
Vogt,  due  to  the  presence  of  ferro-magnesian  silicates  containing  the 
IVIg  ion  which  is  also  present  in  spinel  ;  if  these  be  partially  dis- 
sociated the  solubility  of  the  aluminate  will  be  lowered. 

An  obvious  criticism  on  this  argument  is  that  if  the  dissociation  is 
so  slight  that  it  may  be  ignored  for  one  pui'j)ose,  it  is  hardly  fair  to 
invoke  its  powerful  action  for  another,  and  it  is  possible  that  Vogt 
in  his  enthusiasm  for  a  theory  attempts  to  explain  too  much  by  its  aid. 

It  is  clear,  however,  that  the  labours  of  Vogt  have  been  precisely 
in  the  direction  indicated  by  Teall  in  the  words  that  I  have  quoted, 
**  experiment  controlled  by  the  modern  theory  of  solution";  and  if 
his  opponents  are  tempted  to  think  that  he  may  have  carried  the 
principle  too  far  with  insuflScient  data,  they  cannot  but  admire  the 
brilliancy,  the  persistency,  and  the  ingenuity  with  which  he  has 
applied  the  newer  theories  of  solution  at  every  turn. 
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Heyeock  and  Neville's  Work  on  Alloys, 

I  must  next  refer  briefly  to  another  remarkable  series  of  researches 
which  have  recently  been  published. 

The  laws  which  govern  the  solutions  of  metals  in  metals,  that  is 
to  say  alloys,  appear  to  be  the  same  as  those  which  prevail  in  the 
case  of  other  solutions ;  it  is  in  alloys  that  the  nature  of  eutectic 
mixtures  has  been  most  fully  studied ;  and  the  phase-rule  and 
Boozeboom's  deductions  from  it  have  been  applied  with  signal 
success  to  their  investigation.  A  new  impulse  has  been  given  to  the 
subject  by  the  work  of  Heyeock  and  Neville,  which  is  summarised 
in  their  Bakerian  lecture  delivered  last  year  upon  the  copper-tin 
series  of  alloys.  Tliey  have  studied  the  changes  which  occur  during 
the  cooling  of  an  alloy  by  taking  small  ingots  of  the  cooling  metal 
and  chilling  them  at  certain  temperatures ;  this  arrests  the  gradual 
process  of  cooling,  and  causes  all  that  is  liquid  at  the  moment  of 
chilling  to  become  suddenly  solid  ;  it  is  then  possible  by  polishing 
and  etching  the  ingot  to  show  the  solid  crystals  set  in  the  congealed 
ground-mass  and  to  study  their  nature.  They  have  been  able  ta 
interpret  their  results  by  means  of  Boozeboom's  remarkable  work 
on  the  solidification  of  mixed  crystals  published  in  1899.  For  our 
present  purpose  it  is  sufficient  to  consider  these  results  as  applied 
only  to  alloys.  If  a  diagram  be  constructed  with  the  temperatures 
for  ordinates  and  constitution  for  abscisssd,  Boozeboom  has  shown 
that  two  curves  may  be  drawn.  The  first  is  the  freezing-point 
curve,  or  ItquiduSj  giving  the  temperatures  at  which  an  alloy  of  any 
composition  begins  to  solidify  :  this  is  a  broken  curve,  and  each 
section  of  it  represents  the  temperature  of  equilibrium  between  the 
liquid  and  a  di£ferent  solid  alloy  ;  the  breaks  represent  the  tempera- 
tures and  constitution  of  the  liquid  at  which  one  solid  ceases  to  be 
produced  and  another  begins.  The  curve  is,  of  course,  far  more 
complicated  than  the  simple  V  of  Meyerhoffer,  since  that  represents 
the  cooling  of  a  mixture  whose  constituents  do  not  form  compounds 
or  isomorphous  mixtures,  whereas  the  alloys  do  both.  In  this 
respect  the  alloys  resemble  a  silicate  magma  which  is  crystallising 
as  a  rock-mass ;  indeed,  it  will  be  remembered  that  Mendeleef  insists 
upon  the  general  similarity  of  silicon  compounds  to  metallic  alloys. 

The  second  curve  of  Boozeboom  is  the  melting-point  curve,  or 
soliduSy  representing  the  temperatures  at  which  an  alloy  of  given 
composition  becomes  completely  solid.  Points  above  the  liquidus 
represent  the  condition  of  alloys  which  are  completely  liquid  ;  points 
below  the  solidus  that  of  alloys  which  are  completely  solid ;  points 
between  the  two  that  of  cooling  alloys  which  are  only  partially  solid ; 
and  the  curves  themselves  show  which  solid  compounds  can  be  in 
equilibrium  with  the  liquid  and  with  each  other  at  any  temperature. 

The  cooling-curves  of  Boberts-Austen  and  Stansfield  had  shown 
that  considerable  evolutions  of  heat  may  occur  in  cooling  alloys  far 
below  the  temperature  of  solidification,  indicating  that  changes  are 
going  on  in  the  solid  as  well  as  in  the  liquid  condition.  Heyeock 
and  Neville  carry  their  investigations  below  the  temperature  of 
complete  solidification  and  study  these  changes  also. 
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In  the  case  of  tbe  copper-tin  series  of  alloys  they  find  that, 
according  to  the  temperature  and  constitution  of  the  liquid,  crystals 
•belonging  to  no  less  than  six  different  types  may  separate,  namely :~ 

a,  a  solid  solution  of  Cu  with  less  than  9  per  cent,  of  Sn. 

fit  a  solid  solution  of  Cu  with  less  than  27  per  oent  of  Sn. 

7,  of  which  the  constitution  is  not  known. 

ht  which  probably  has  the  composition  Ou^  Sn. 

rjy  which  probably  has  the  composition  Ou^  Sn. 

H,  which  probably  has  the  composition  Cu  Sn. 
Both  /3  and  7  are  unstable  at  ordinary  temperatures.    The  compound 
h  crystallises  out  of  y3  or  7  while  they  are  already  in  the  solid  state, 
when  the  temperature  falls  sufficiently. 

A  glance  through  the  101  photographs  of  chilled  and  etched 
ingots  which  accompany  Heycock  and  Neville's  paper  on  this  series 
of  alloys  shows  how  impossible  it  would  be  from  the  final  com- 
position of  the  solid  alloy  to  ascertain  the  various  stages  through 
which  it  has  passed  during  cooling ;  as  the  authors  remark,  it  is  of 
the  nature  of  a  palimpsest.  For  example,  the  alloy,  containing 
14  atoms  of  tin  to  86  of  copper,  consists  at  800^  of  a  cry  stab  in 
a  ground-mass  which  probably  contains  /3;  it  solidifies  at  about 
775° ;  at  676°  there  are  only  p  crystals  ;  at  600°  there  are  a  and  /3 
crystals,  but  here  a  has  crystallised  out  of  p  after  it  became  solid; 
at  530°  there  is  a  much  larger  proportion  of  a ;  at  470°  there  are 
a  crystals  immersed  in  a  mixture  of  a  and  B  into  which  the  residual 
p  has  broken  up  on  cooliug. 

If  the  course  of  events  is  so  complex  in  an  alloy  of  only  two 
metals,  how  much  more  difficult  must  it  be  to  decipher  in  the  case 
of  a  mass  of  complicated  silicates  which  are  even  more  prone  to  form 
isomorphous  mixtures,  such  as  we  have  in  a  solid  rock,  not  to 
mention  the  additional  presence  of  aluminates,  oxides,  and  sulphides. 
And  yet  geologists  are  accustomed  to  speculate  freely  about  the 
crystallisation  of  rock  constituents  from  the  magma  without  taking 
account  of  anything  save  the  final  stage. 

I  cannot  help  thinking  that  the  experimental  method  of  Heycock 
and  Neville  will  have  to  be  applied  to  the  study  of  slags  and  fused 
silicates  if  we  are  to  trace  successfully  the  evolution  of  rock  species. 
The  value  of  their  work  to  geologists  is  not  only  that  the  results  are 
skilfully  interpreted  by  the  light  of  modern  physical  chemistry,  but 
primarily  that  it  is  experimental  work    upon   actual   crystallising 

materials. 

(To  be  concluded  in  our  next  number.) 


Go:R:R,Es:E^oisrx)jE3src:Ei- 

THE  CHALK  BLUFFS  AT  TRIMINGHAM. 

Sir, —  Students  of  East  Anglian  geology  will  read  with  some 
surprise,  in  the  concluding  paragraph  of  the  paper  by  Professor 
Bonney  and  Mr.  Hill  on  the  Trimingham  Chalk  Bluffs,  that  a  hypo- 
thetical interpretation  of  these  masses  was  out  of  place  in  a  Survey 
memoir.     Surely  in  a  work  dealing  with  this  district  some  attempt 
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WBB  demanded  to  aoooant  for  phenomena  which  "have  for  manj 
fears  attracted  the  attention  of  geologists"  and  now,  even  of  the 
Above-named  authors  themselves,  albeit  if  with  the  knowledge  then 
(1882)  available  an  exact  explanation  was  not  possible. 

Nor  can  it  be  said  that  rrofessor  Bonney  and  Hr.  Hill  by  their 
communication  have  advanced  matters  much,  for  unfortunately  they 
appear  to  have  left  out  of  sight  two  rather  important  items,  viz.,  the 
fossil  contents  of  the  beds  and  the  literature  on  the  subject  since  1882. 

Long  familiarity  with  rocks  which  can  only  be  studied  strati- 
graphically  and  by  aid  of  the  microscope  and  field -glass  may, 
perhaps,  have  led  them  to  overlook  the  palceontologioal  aspect  of 
the  Trimingham  chalk  masses.  Professor  Bonney,  it  is  true,  noticed 
the  conspicuous  Belemnite  occurring  throughout,  but  is  not  aware 
that  it  is  of  less  importance  as  a  zonal  guide  than  the  concomitant 
(htrea,  which  does  not  occur  throughout. 

To  thoroughly  investigate  the  fossil  fauna  of  a  bed  in  cases  such 
as  the  present  one  is  not  possible,  however,  to  the  casual  visitant : 
it  can  only  be  done  with  long  and  patient  research  by  one  on  the  spot 

Fortunately  the  Trimingham  chalk  masses  have  had  their  historian 
in  Mr.  R.  M.  Brydone,  who,  with  a  care  and  patience  that  cannot  be 
too  highly  commended,  made  a  thorough  examination  of  them, 
collected  and  worked  out  their  fossils,  and  in  1900  published 
a  pamphlet  entitled  "  The  Stratigraphy  and  Fauna  of  the  Trimingham 
Chalk.'*  In  this  he  showed  that  the  uppermost  portions  of  the 
masses  are  the  sole  remaining  vestiges  in  England  of  the  Maes- 
trichtian  beds  of  the  Chalk.  He  further  discussed  Mr.  Clement  Beid's 
theory,  which  in  the  light  of  these  later  researches  he  showed  to  be 
untenable  and  suggested  that  these  masses  were  really  buried  sea- 
stacks.  This  view  is  supported  by  the  Mundesley  boring.  Whether 
these  pinnacles  have  remained  upright,  or  have  been  crushed, 
crumpled,  and  overturned,  is  of  little  moment,  but  it  is  important  to 
note  that  the  strata  in  them  are  of  the  same  age  as  the  beds  capping  the 
mueronata  chalk,  that  are  exposed  in  the  beach  at  extreme  low  water. 

That  these  masses  are  part  and  parcel  of  the  main  Chalk  strata 
that  lie  at  no  great  depth  under  the  beach  at  this  spot,  I  was  enabled 
to  see  in  the  Autumn  of  1901  after  a  storm  that  had  cleared  away  the 
beach  for  some  distance  round  their  base.  The  bands  of  flint  were 
distinctly  traceable  down  into  and  right  across  the  exposed  surface. 
The  sketch  and  notes  I  made  at  the  time  were  passed  on  to  Dr.  Bo  we 
and  Mr.  Sherborn  against  the  time  when  tbey  come  to  deal  with  the 
Norfolk  district.  B.  B.  Woodward. 

4,  LoNOFisLD  Road,  Ealino,  W. 

SWe  have  received  several  other  letters  on  this  subject,  all  em- 
ying  the  same  points  of  criticism. — Edit.  Gbol.  Maq.] 

THE  RAISED  BEACHES  OF  DEVONSHIRE  AND  OF  THE  SOUTH 

OF  IRELAND. 

Sib, — I  much  regret  to  find  that  I  have  both  misunderstood  and 
misinterpreted  Mr.  Mu£f's  ice-scored  beach«platform  in  the  South  of 
Ireland. 

Ever  since  Godwin- Austen  in  1851  atladLe&  V\i<b  ^x^^^\sx  ^\^^ 
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Head,  Aerial  beds,  or  Bubble-drift;,  of  the  south-west  of  England, 
geologists  have  entertaiued  the  idea  that  both  the  beaoh-plaSbrms 
and  the  beach-deposits  may  have  been  influenced  by  coast  ioe. 

When  Messrs.  Wright  and  Muff  recorded  the  fact  that  a  beadi- 
platform  in  Ireland  was  scored  by  ice,  nearly  parallel  with  the  shore, 
it  never  occurred  to  me  that  the  agent  could  have  been  any  other 
than  the  coast  ioe  so  long  postulated  by  the  students  of  raised 
beaches.  Further,  I  accepted  what  I  supposed  to  be  Mr.  MafTs 
proofs,  in  spite  of  my  previous  contention  that  the  South  Devon 
beach-platforms  were  not  due  to  coast  ioe.  My  paper  on  the  Baised 
Beaches  of  Torbay  (Trans.  Dev.  Assoc,  1903)  was  written  to  contest 
Mr.  Pidgeon's  conclusions  as  to  the  Torbay  beaches  being  aocumalated 
under  semi- Arctic  conditions,  and  their  shells  broken  by  ice. 

Ever  since  Mr.  Muff*s  paper  appeared,  I  have  been  trying  to 
reconcile  his  supposed  (by  myself)  glacial  ice-scratched  platform 
with  the  Devonshire  evidence,  that  is  to  say,  a  platform  contem- 
poraneous with  the  ice-scorings.  I  have  found  it  difficult.  I  am 
profoundly  grateful  to  Mr.  Muff  for  his  prompt  and  public  correction 
of  my  mistake. 

With  regard  to  the  Devonshire  erratics,  I  may  say  that  on  the  17th 
of  August  last  I  spent  four  hours  on  the  Prawle  coast,  before  and 
after  the  lowest  tide  for  that  full  moon.  The  two  crystalline  blocks 
recorded  by  Pengelly  some  thirty  years  ago  as  on  the  strand,  have 
been  since  described  as  on  the  beach-platform.  They  lie  just  beyond 
the  reach  of  ordinary  spring  tides  in  calm  weather,  and  are  certainly 
on  the  present  tidal  strand.  When  Pengelly  described  them,  the 
only  known  explanations  of  their  presence  were :  wreck,  or  ice. 
They  are  far  too  heavy  and  uniimuageable  for  use  as  ballast,  so  the 
only  explanation  was  ice.  It  was  not  then  known  that  fishermen 
often  trawl  blocks  of  the  size  of  those  referred  to,  and  bring  them 
away  from  the  fishing-grounds.  Now,  were  a  fishing-smack,  carrying 
two  blocks,  to  be  cast  away  on  the  Prawle  coast  in  a  S.S.E.  gale  at 
the  top  of  high- water  spring  tides,  she  might  just  possibly  reach  the 
spot  where  the  two  Prawle  blocks  lie  close  together.  Taking  all  the 
facts  into  consideratiou,  this  explanation  seems  to  be  the  least  im- 
probable of  the  three,  viz.,  ice,  ordinary  wreck,  or  trawler  wreck. 

The  ten-ton  boulder  at  Baggy  Point  in  North  Devon  is  obviously 
nothing  but  an  ice  -  borne  erratic,  and  the  puzzle  is  that  it  is 
apparently  associated  with  such  a  decidedly  southern  shell  as 
Cardium  papillosum.  Then  at  Fistral  Bay,  in  a  beach  presumably 
contemporaneous  with  the  Baggjy  Point  Raised  Beach,  we  have 
Cyiherea  chione  recorded  :  and  in  Torbay  Fusus  Jeffrey sianuif 
associated  with  Trophon  truncatus.  It  is  this  association  of  shells 
having  a  northern  range  with  others  with  a  southern  range,  and  the 
association  of  a  still  more  decided  southern  shell  with  an  ice-borne 
erratic,  which  is  so  perplexing. 

I  do  not  propose  to  trespass  on  your  space  with  any  speculations 
on  the  subject.  So  far  as  Devonshire  is  concerned,  the  problem  of 
the  beaches  may  be  treated  as  a  strictly  local  one,  and  as  such  better 
discussed  in  provincial  publications.  A.  R.  Hunt. 

Fox  WORTHY,    MORETONHJOlPaTiaAD. 

9(h  Septetnhery  1905. 
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L — Notes  on  sosfc  New  Cbooodilia  from  the  Eoocne  of  Eqtpt. 
By  C.  W.  Andrews,  D.Sc.,  P.G.S.,  Britisli  Museum  (Natural  History). 

DURING  the  last  few  years  a  considerable  uumber  of  Crooodilian 
remains  have  been  ooUeoted  from  the  Middle  and  Upper  Eocene 
beds  of  the  Fay  (Ira,  moBt  of  these  specimens  having  been  obtained 
by  Mr.  H.  J.  L.  Beadnell  in  the  course  of  his  excavations  in  that 
locality.  This  material  has  recently  been  examined  and  determined, 
and  it  is  found  that  several  new  species  belonging  to  the  genera 
CrocodiluB  and  Tomistoma  are  represented  by  more  or  less  complete 
remains.  In  the  present  note  it  is  proposed  to  give  a  preliminary 
account  of  these  new  forms,  which  will  be  fully  described  and 
figured  in  the  Catalogue  of  the  Tertiary  Yertebrata  of  the  Faytim 
now  in  coarse  of  preparation. 

The  species  of  Crocodilua  now  described  belong  both  to  the  broad- 
and  narrow-snouted  divisions  of  that  genus. 

Cbocodilus  abtioeps,  n.sp. 

Of  the  latter  group  only  one  species  has  been  found  ;  this  is 
represented  by  an  extremely  well-preserved  skull  wanting  the 
posterior  region.  This  skull,  which  is  from  the  Upper  Eocene 
beds,  is  taken  as  the  type-specimen.  A  very  perfect  mandible  from 
the  same  horizon  and  locality  probably  belongs  to  the  same  species. 

The  general  form  of  the  head  is  much  the  same  as  in  C,  caia- 
phraciuSy  the  length  of  the  snout  being  about  two  and  a  half  times 
its  breadth  at  the  orbits.  The  upper  surface  in  the  pre-orbital 
region  is  somewhat  flattened,  while  the  sides  are  nearly  verticaL 
There  is  scarcely  any  expansion  of  the  premaxillary  region ;  the 
facial  processes  of  the  premaxillae  extend  back  to  the  level  of  the 
third  maxillary  tooth,  while  the  palatine  processes  reach  only  to 
the  level  of  the  interval  between  the  first  and  second  teeth.  The 
mazillo-premaxillary  suture  on  the  palate  is  directed  backwards. 
The  nasals  extend  just  to  the  nasal  opening,  though  whether  they 
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actually  formed  part  of  its  posterior  border  is  doabtfol.    There  are 
five  teeth  in  the  premaxillsB ;   the  anterior  pair  are  oomparatively 
small  and  have  behind  them  the  deep  pits  for  the  reception  of  the 
anterior  lower  teeth,  which   penetrated  the   upper  surface  of  the 
snout     The  third  and  fourth  teeth  are  enlarged.     In  the  maxilla, 
the  alveolar  border  of  which  is  sinuous,  the  fourth  and  fifth  and  the 
ninth  and  tenth  teeth  are  the  largest.     There  were  twenty-one  teeth 
in  all  on  either  side  of  the  jaw.     The  teeth  themselves  are  mostly 
lost,  but  one  shows   that   they  had   sharp  anterior  and   posterior 
carinad  and   were   somewhat  flattened    on   the   inner   side.     This 
species,  for  which  the  name  Croeodilus  artieep$  is  proposed,  differs 
from  C,  cataphraettis  and  C  intermedius  in  the  greater  length  of  the 
nasals  and  the  slighter  expansion  of  the  premaxillary  region.    Of 
the  Eocene  species  described  from  other  localities  it  most  nearly 
resembles    C,   Arduinif  Sacco,  but   differs   from  it   in   the   smaller 
degree  of  expansion  of  the  premaxillary  region,  the  compftrative 
narrowness  of  the  inter-orbital  bar,  and  the  less  rounded  orbits. 
From  C.  Spenceri,  Buckland,  the  differences  are  similar.     A  nearly 
complete  mandible  from  the  same  beds  is  referred  to  this  species. 
The  symphysis  is  somewhat  elongated,  extending  back  to  the  level 
of  the  sixth  tooth,  but  the  splenial  take  no  part  in  its  formation. 
There  are  fifteen  teeth,  of  which  the  fourth  and  tenth  are  greatly 
enlarged ;  the  eleventh  also  is  large.     In  form  these  teeth  are  like 
those  of  the  skull  just  described.     There  are  well-marked  notches 
for  the  reception  of  the  upj^er  teeth  behind  the  second,  sixth,  and 
seventh   teeth,   while  behind    the  eleventh  and    twelfth    there  are 
shallow  pits. 

Some  measurements  of  the  type-specimen  are  : — 

cm. 

Distaucr  irom  auterior  nn;:rle  of  orbit  to  tip  ol  snout       37*0 

AVidth  ut  snout  at  uarrowL'st       4'8 

"Width  of  snout  at  premaxillary  expansion        5-o 

Width  of  skull  opposite  the  front  (if  the  orhit-j         14'0 

Crocodilus  megarhinus,  n.sp. 

The  Upper  Eocene  beds  also  contain  remains  of  a  broad-snouted 
crocodile  which  seems  to  have  attained  a  very  large  size.  The 
anterior  part  of  a  skull  shows  that  the  premaxillary  region  was 
greatly  expanded,  though  longer  in  proportion  to  its  width  than  in 
C.  poro8U8.  The  facial  processes  of  the  premaxillaB  extend  back  to 
the  level  of  the  fourth  maxillary  tooth.  There  are  five  premaxillary 
teeth,  of  which  the  third  and  fourth  are  very  large.  Behind  the 
fifth  is  a  very  deep  and  narrow  notch  for  an  enlarged  mandibular 
tooth.  To  this  species  the  name  C.  megarhinus  may  be  applied. 
Other  remains  are  known,  including  the  symphysial  part  of 
a  mandible  ;  these  will  be  described  elsewhere.  The  dimensions 
of  the  type-specimen  are  :  — 

cm. 
Width  of  premaxillary  expansion       lo*6 

V  T  ILli  11   ciL   liULi^  11        •••         •••         •••         •■•         >••         •••         •••         •••         •••         •••         •••  XwX 

Distance  from  posterior  border  of  nasal  opening  to  tip  of  snout     ...       11 
Distance  from  postcnot  end  oi  ^xem^-idWssi  1q  U^  o{  snout      24*5 
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Cbooodilus  sp. 

From  the  Middle  Eocene  beds  also  remains  of  a  broad-snooted 
crocodile  have  been  collected,  bnt  they  are  so  fragmentary  that 
farther  material  is  necessary  before  any  attempt  to  distinguish  the 
species  is  made. 

Of  the  genus  Tomtstoma  one  species,  T.  afrtcanum,  from  the  Middle 
Eocene  (Qasr-el-Sagha  Beds)  of  the  Fayum  (Gcol.  Mao.  [4], 
Vol.  VIII  (1901),  p.  443),  has  already  been  described.  Now  two 
others,  one  of  slightly  later,  the  other  of  rather  earlier  date,  are  to 
be  considered. 

TOMISTOMA   GAVIALOIDKS,   n.Sp. 

In  the  Upper  Eocene  beds  of  the  district  remains  of  a  gavial-like 
crocodile  are  fairly  common.  One  nearly  complete  skull  has  been 
collected  by  Mr.  Beadnell,  and  it  is  to  this  that  the  following 
description  refers,  lliis  species  is  interesting  because  in  some 
respects  it  is  intermediate  between  Tomistoma  and  OavialiSf  though 
much  nearer  the  former,  its  relationship  with  which  is  especially 
marked  in  the  comparative  fewness  of  the  teeth  (though  they  are 
more  numerous  than  in  T.  Schlegeli)  and  the  extension  forwards  of 
the  nasals  to  the  premaxillse,  between  the  facial  processes  of  which 
they  run  for  some  ditttance. 

The  form  of  the  occipital  surface  both  above  and  below  the 
foramen  magnum  is  almost  exactly  as  in  Gavialis,  and,  as  in  that 
g^nus,  the  skull  roof  is  wider  than  in  Tomistoma  Schlegeli,  owing 
mainly  to  the  large  size  of  the  supra-temporal  fossss.  The  orbits 
differ  from  those  of  the  recent  Tomistoma  in  being  more  rounded, 
as  in  GavialiSf  but  at  the  same  time  they  have  not  the  prouiinent 
borders  found  in  that  genus ;  in  the  breadth  of  the  inter-orbital  bar 
also  the  skull  is  exactly  intermediate.  The  snout  narrows  less 
suddenly  than  in  Gavialis,  but  not  quite  so  gradually  as  in  Tomistoma 
Schlegeli;  as  in  this  latter  the  nasals  extend  forward  to  the  pre- 
maxillsB,  in  Oavialis  they  are  short  and  separated  from  the  pre- 
maxillsB  by  a  long  interval.  The  expansion  of  the  premaxillary 
region  is  slight,  less  than  in  the  true  Gavials. 

There  are  22-23  teeth  on  either  side ;  in  T,  Schlegeli  the  number 
is  20-21,  in  Oavialis  27-29.  The  premaxillsB  bear  five  teeth,  as  in 
the  Gavial ;  in  the  recent  Tomistoma  there  are  only  four,  though  in 
some  fossil  species  referred  to  this  genus  there  are  five.  The 
maxillary  teeth  seem  to  have  been  almost  equal  in  size  throughout 
the  series,  and  to  have  been  directed  somewhat  outwards  and  forwards, 
both  Oavial-like  characters. 

This  skull  resembles  in  many  respects  that  described  by  Toula 
and  Kail  ^  under  the  name  Oavialosuchus  eggenhurgensis.  This 
species  also  is  in  many  ways  intermediate  between  Tomistoma  and 
Oavialisy  but  has  been  referred  by  Lydekker  to  the  former  genus. 
It  differs  from  the  present  species  in  the  narrower  skull  roof,  the 
smaller  temporal  fossaa,  and  the  raised  borders  to  the  orbits ;  but  at 

^  **Ueber  eincn  Krokodil-schadel  aus  den  Tertiarablagerungen  von  Eggenburg"! 
Denksch.  Akad.  Wiss.  Wion,  Bd.  l  (1885),  p.  299,  pla.  i-Ui. 
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the  same  time,  if  it  were  to  be  regarded  as  generically  distinct  from 

TomUtoma,  both  it  and  the  present  species  might  perhaps  be  placed 

in  the  same  genus,  Qavialosuchun. 

The  dimensions  of  the  type-speoimen  are : — 

cm. 

Length  of  occipital  condyle  to  tip  of  snout       64*0 

Width  between  outer  angles  of  quadrates 27*0 

Greatest  width  of  skull  roof       18'0 

Width  of  middle  of  rostrum       6*4 

TOMISTOMA  KEEUNSNSS,   n.Sp. 

An  imperfectly  known  species  from  the  Birket-el-Qurnn  Beds 
(Middle  Eocene),  which  are  separated  from  the  Upper  Eocene 
deposits  containing  T,  gavialotdea  by  the  thick  Qasr-es-Sagha  series, 
in  which  Tomtstoma  africanum  occurs. 

The  best  specimen  is  a  part  of  a  skull,  in  which  most  of  the  region 
behind  the  middle  of  the  orbits  as  well  as  the  premaxillary  portion 
of  the  rostrum  are  wanting.  It  differs  from  T.  gavialoidei  in  having 
a  rostrum  which  narrows  more  gradually  and  the  upper  surface  of 
which  is  more  regularly  convex  from  side  to  side ;  the  orbits  al8t> 
are  less  rounded  and  the  inter-orbital  bar  broader  than  in  that  species. 
The  teeth  were  larger  and  are  separated  by  longer  intervals.  To 
this  species  the  name  Tomtstoma  kerunense  may  be  given. 

The  reptilian  remains  from  these  Egyptian  beds  are  of  far  less 
interest  than  the  mammals,  since  they  differ  little  from  their  modern 
representatives.  In  Tomtstoma  gavinloides,  however,  we  may  have 
an  intermediate  form,  showing  how  the  highly  specialized  fish-eating 
Gavirtl  may  have  arisen  from  a  Tomtstoma-like  reptile,  a  supposition 
that  is  strengthened  by  the  fact  that  no  remains  of  a  true  Gavial  are 
known  from  earlier  beds.  Dr.  E.  Fraas  has  lately  announced*  that 
he  has  remains  of  a  species  of  Tomistoma  from  the  lower  beds  of 
the  Middle  Eocene  of  the  Mokattara  Hills  at  Cairo.  When  these 
specimens  are  described  perhaps  some  further  light  may  be  thrown 
on  the  interrelations  of  the  various  long-snouted  Crocodilia. 

11. — Some  Changes  of  Level  in  the  Glacial  Period. 

By  T.  F.  Jamie-sox,  F.G.S. 

IN  Scandinavia  there  have  been  various  changes  of  level  during  the 
Glacial  period,  and  some  geologists  of  that  country  are  of  opinion 
that  the  load  of  ice  which  lay  upon  it  affords  a  probable  means  of 
accounting  for  a  depression  and  submergence  of  the  land  such  as 
would  lead  to  the  formation  of  those  elevated  beds  of  Arctic  shells 
which  are  met  with  in  the  interior  of  that  region.  But  there  has 
been  a  later  movement  of  quite  a  different  nature,  whereby  the 
Baltic  seems  to  have  been  converted  for  a  time  into  a  fresh-water 
lake,  and  it  is  to  this  that  I  now  want  to  draw  attention,  as  I  think 
the  same  cause  which  has  been  supposed  to  produce  the  depression 

•    *  "  Neiic  Zeui,'lodonton  aus  dem  unteren  Mittdeocan  vora  Mokattam  bei  Cairo  "  : 
Geol.  u.  Palaeont.  Abhand.,  neue  Folge,  Bd.  vi,  Ileft  3  ;  Jena,  1904. 
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affords  a  happy  means  of  explaining  this  onrions  and  later  pheno- 
menon also. 

The  depression  of  a  large  tract  of  land  by  a  weight  laid  upon  it 
wonld  almost  of  necessity  be  aooompanied  by  a  oorreaponding  rise 
in  the  region  lying  immediately  beyond.     We  see  this  on  a  small 
scale  when  we  push  down  a  hollow  in  an  elastic  substance,  or  when 
a  depression  of  the  soil  is  caused  by  the  advance  of  a  heavy  mound 
«noh  as  a  railway  embankment,  which  leads  to  a  bulging  up  of  the 
ground  immediately  in  front,     llie  depression  of  the  ice-covered 
area  of  Scandinavia   would   therefore  probably  produce  a  similar 
bulging  up  of  the  outer  region,  and  thus  close  the  Gattegat  and 
block  out  the  sea  from  the  entrance  to  the  Baltic,  thereby  converting 
it  for  a  time  into  the  state  of  a  fresh- water  lake.   This  would  happen 
probably  after  the  Baltic  glacier  had  shrunk  considerably,  and  it  is 
jost  then  that  the  fresh-water  condition  seems  to  have  occurred.     At 
an  earlier  period,  when  the  Scandinavian  ice  spread  far  and  wide, 
the  bulging  up  would  take  place  at  a  much  greater  distance,  and 
wonld  embrace  a  larger  area.     Here  again  we  have  evidence  of 
a  like  result,  for  we  know  that  the  southern  part  of  the  Qerman 
Ocean  and  the  Straits  of  Dover  were  converted  into  dry  land  during 
an  earlier  part  of  the  Glacial  period  ;  and  that  the  mammalian  fauna 
of  the  continent  ranged  freely  over  that  ground  into  England.     The 
lower  reaches  of  the  Thames  too,  and  other  rivers  of  East  Anglia, 
were  also  by  the  same  action  probably  converted  more  or  less  into 
lakes  and  pools,  which  appear  to  have  been  haunted  by  the  hippo- 
potamus, whose  remains  are  frequently  met  with  in  the  valley  gravel 
4ind  alluvial  deposits  of  that  quarter.     In  the  South  of  England  and 
in  Germany  there  are  other  proofs  of  straining  and  earth-movement, 
due  possibly  to  the  same  heavy  pressure  exerted  by  the  Scandinavian 
ice,  and  propagated  outwards  beneath  the  surface.     Movements  of 
depression  occasioned  by  forces  of  this  nature  must  generally  be 
Mtended  in  neighbouring  regions  by  strains,  fractures,  and  move- 
ments of  elevation,  which  are  to  be  looked  upon  as  the  natural 
accompaniment  and  complement  of  the  depression  caused  by  the  load 
of  ice.     Here,  then,  it  seems  to  me  we  may  find  an  efficient  cause 
for  the  production  of  many  such  movements,  in  regard  to  which  no 
explanation  has  hitherto  been  offered. 

One  of  the  most  obvious  changes  in  the  weight  of  the  surface 
arises  from  the  action  of  rain,  rivers,  and  glaciers  continually  wearing 
and  washing  down  matter  into  the  sea.  This  incessant  degradation 
must  always  be  wearing  away  and  lightening  the  mountain  regions, 
so  that  the  tendency  in  them  should  be  to  a  slow  and  gradual  rise, 
^nrhereas  on  the  sea  bottom  the  opposite  effect  would  take  place,  and 
there  the  tendency  would  be  to  sink.  Such  action  would  tend  to 
the  permanence  of  continents,  which  otherwise  would  be  worn  down 
much  faster.  Land  is  land,  I  presume,  because  it  is  lighter  than 
the  area  occupied  by  the  sea,  and  the  great  mountain  regions  are 
probably  the  least  heavy  parts  of  the  earth's  crust. 

Our  ignorance  of  the  state  of  matters  in  the  interior  of  the  earth 
is  so  great  that  we  are  not  justified  in  dogmatizing  on  the  subject, 
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but  the  facts  observed  by  geologists  seem  to  show  that  movements  of 
some  kind,  even  in  a  lateral  direction,  are  possible  at  no  great  deptb 
beneath  the  surface,  although  the  great  internal  mass  of  the  eaith 
may  be  as  rigid  as  certain  mathematicians  would  have  us  believe. 
Some  degree  of  plasticity  or  viscosity  in  a  stratum  not  far  down 
would  suffice  to  allow  of  all  the  movements  I  have  assumed  to  be 
possible  in  the  foregoing  observations.  But  whether  the  outer  omst 
reposes  on  a  stratum  of  this  nature  or  not,  it  must,  I  should  think, 
be  in  a  state  of  equilibrium,  or  if  not  it  will  move.  If  the  down- 
ward pressure  is  not  exactly  equalized  by  the  upward  resistance, 
movement  must  ensue  to  restore  the  balance.  Hence  the  level  of 
the  surface  must  always  be  tending  to  an  exact  equilibrium,  and 
must  respond  to  any  change,  however  slight,  in  the  load  laid  upon  it. 
The  response  no  doubt  may  be  quite  infinitesimal,  but  is  it  not 
inevitable  ?  We  might  compare  the  action  to  that  of  a  spring  of 
enormous  strength,  so  strong  as  to  be  practically  rigid  to  human 
observation. 

If  the  views  of  Adhemar  and  Croll  regarding  the  Glacial  period 
are  right,  we  may  believe  that  in  each  hemisphere  alternations  of 
great  cold  with  warmer  intervals  took  place  owing  to  the  precession 
of  the  equinoxes.  And  if  a  great  load  of  ice  on  the  land  really 
causes  a  depression,  we  may  infer  that  each  period  of  glaciation 
would  be  accompanied  by  a  depression  or  submergence  proportionate 
in  some  measure  to  the  greatness  of  the  load  of  ice.  Now  there 
seems  to  be  evidence  that  some  such  train  of  events  actually  did 
occur  both  in  Scandinavia  and  Scotland,  the  severity  of  glaciation 
finally  becoming  less,  and  the  amount  of  submergence  also. 

The  Arctic  Suell-beds  of  Scotland. 

I  have  for  a  long  time  been  of  opinion  that  in  the  Clyde  district 
and  West  of  Scotland  we  have  at  least  two  distinct  sets  of  marine 
beds  containing  northern  shells,  viz.,  (1)  an  older  set  whicli  attains 
to  much  hit^ber  elevations  (in  one  case  up  to  fully  500  feet)  and  has 
been  more  or  less  destroyed  by  a  subsequent  development  of  glaciers 
and  land-ice  ;  (2)  a  newer  set  confined  to  lower  levels  and  which 
has  never  been  subjected  to  the  same  destructive  action.  In  the 
latter  series  the  species  are  much  more  numerous,  the  shells  much 
more  plentiful  and  in  much  better  preservation,  many  being 
evidently  in  Ihe  spot  where  the  animals  lived  and  died  —  rows  of 
Mya  iruncata,  tor  example,  in  the  position  of  life,  with  pieces  of  the 
siphnncular  tubes  still  remaining.  It  is  from  this  series  that 
Mr.  Smith,  of  Jordanhill,  got  most  of  his  specimens.  These  two 
series  of  shell-beds,  I  believe,  were  separated  by  a  long  period  of 
land-ice  which  heavily  covered  all  the  west  side  of  Scotland  and 
spread  more  lightly  over  the  eastern  side.  I  think,  therefore,  they 
ought  not  to  be  confounded  together  as  has  been  generally  the  case, 
seeing  that  a  great  lapse  of  time  and  an  important  change  of 
conditions  intervened  between  them.  In  the  older  set  the  shells  are 
generally  more  or  less  crushed  and  are  often  covered  by  masses  of 
boulder-clay,  showing  that  severe  glacial  conditions  had  come  on 
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kfter  the  existenoe  of  the  mollosoa  oontained  in  these  beds.     Saoh 
>lder  shelly  strata  have  been  found  in  the  southern  part  of  the  Isle 
>f  Arran,    in  Cantyre,    in    Lanarkshire,    and    other    places.     In 
Ayrshire  Mr.  John  Smith  has  traoed  them  all  over  the  county  and 
It  all  heights  up  to  1061  feet    Now  on  the  east  side  of  Scotland 
Mre  have  several  examples  of  these  older  shell-beds,  but  it  seems  to 
ne  we  have  absolutely  none  corresponding  to  the  later  so-called 
Jlyde  beds.     So   far,   however,   as   I  ain   aware   this  absence  of 
-epresentatives  of  the  Clyde  beds  on  the  east  side  of  Scotland  has 
lot  hitherto  been  distinctly  asserted  by  anyone,  and  no  doubt  this 
>pinion  of  mine  may  be  disputed.     Nevertheless,  I  think  a  due  con- 
dderation  should  convince  anyone  who  is  well  acquainted  with  the 
ihell-beds  of  the  two  sides  of  the  country  that  examples  of  the  later 
leries  or  so-called  Clyde  beds  really  do  not  exist  on  the  east  coast 
l^othing  like  them  has  turned  up  on  the  shores  of  the  Firth  of  Forth, 
vhere,  if  anywhere,  we  might  expect  them  to  be  found.    Neither  are 
hey  to  be  seen  along  the  Firth  of  Tay  or  the  Moray  Firth.     It  is 
rue  that  instances  of  Arctic  shell-beds  have  been  met  with  at  Elie 
n  Fife,  and  at  Errol  on  the  Firth  of  Tay,  but  they  evidently  belong 
0  an  earlier  submergence,  and  the  Rev.  Thos.  Brown,  who  carefully 
•xamined  these  deposits  and  described  them  in  the  Transactions  of 
he  Boyal  Society  of  Edinburgh  for  1867,  clearly  distinguishes  them 
rem  the  Clyde  beds  and  assigns  them,  correctly  as  I  think,  to  an 
larlier  period.     The  group  of  mollusca  oontained  in  them  comprises 
ewer  species,  is  of  a  more  intensely  Arctic  or  even  circunipolar 
baraoter,  and  also  indicates  a  greater  depth  of  water.    Moreover,  the 
trata  at  Elie,  Tyrie,  and  Portobello  show  evidence  of  disturbance, 
laviiig  been  thrown  into  convolutions  by  the  action  of  some  powerful 
Dree  such  as  the  pressure  of  land-ice,  a  feature  not  observable  in  the 
iter  Clyde  beds.    These  were  formed  apparently  when  the  last  great 
lantle  of  ice  had  passed  or  was  just  passing  away,  whereas   the 
Ider  shell-beds  belong  to  an  earlier  time  previous  to  this  glaciation, 
ut  subsequent  to  an  older  and  still  greater  one.     Loch  Lomond  was 
t  one  time  a  salt-water  fiord  inhabited  by  Arctic  mollusca  belonging 
>   the  earlier  st€tge.      The   shell-beds   of    that    time   were    then 
emolished   by   the   later   ice   coming  down   the  basin,  and  their 
smains  turned  out  into  the  ground  beyond.     The  broken  shells  may 
e  detected  in  the  railway  cuttings  between  Drymen  and  Gartness, 
rhere  I  observed  them  in  1864,  both  in  beds  of  gravel  and  in  coarse 
tony  mud.     Mr.  Jack,  who  afterwards  mapped  the  locality  for  the 
leological  Survey,  traced  a  shelly  boulder-clay  over  much  of  the 
round  at  the  south-east  corner  of  the  lake,  and  he  attributes  the 
ccurrence  of  the  broken  shells  in  the  clay  to  the  action  of  a  glacier 
3ming  down  the  bed  of  the  lake  and  scouring  out  the  marine  beds 
eneath  it,  an  opinion  in  whioh  I  quite  agree  with  him.     A  great 
:ream  of  ice  had  come  down  Loch  Lomond  and  another  down  the 
ne  of  the  Forth.     These  were  separated   by  the  mountain  ridge 
inning  from  Ben  Lomond  towards  Balfron,  and  in  the  lee  of  this 
dge  there  are  partially  stratified  masses  of  clay,  sand,  and  gravel, 
'hich  seem  to  have  been  left  there  owing  to  their  sheltered  position 
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having  saved  them  from  being  swept  away  by  the  ioe.     Mr.  Jack 
thinks  that  these  beds  were  deposited  daring  what  he  terms  '  tbe 
great  submergence/  but  he  makes  out  this  submergenoe  to  have 
taken  place  at  a  period  after  the  shelly  till  on  the  Endriok  was 
formed.     This  is  a  point,  however,  in  which  I  am  unable  to  agree 
with  him.     Some  of  the  sand,  gravel,  and  stony  mud  was  probi^ly 
heaped  up  by  the  flank  of  the  glacier  which  produced  the  shelly  till, 
and  about  the  same  time,  but  the  finer  stratified  beds  of  clay  and 
sand  near  Balfron,  I  think,  are  just  those  portions  of  the  glacial 
marine  beds   which   escaped   destruction   owing  to  their  sheltered 
position   behind   the   ridge   separating  the  two  ice  streams.     Tbe 
Forth  glacier  must  have  gone  far  eastward,  bat  daring  its  final 
retreat  it  has  left  at  the  Locti  of  Menteith  a  fine  group  of  morainaa 
which    show    no   sign   of  having  ever  been   submerged    by   any 
subsequent  change  of  level,  although  their  base  is  only  abont  50  feet 
above  reach  of  the  tide.     I  am,  therefore,  decidedly  of  opinion  that 
no  great  submergence  has  taken  place  since  the  advance   of  the 
glaciers  which  produced  the  shelly  boulder-clay  on  the  Endriok  at 
the  south-east  corner  of  Loch  Lomond.     But  after  these  glaciers 
vanished,  Loch  Lomond  (which  is  only  23  feet  above  the  present 
sea-level)  appears  to  have  again  become  a  salt-water  creek  inhabited 
by  the  later  group  of  northern  mollusca,  whose  shells,  not  crushed 
and  broken,  but  entire  and  undemolished  by  any  subsequent  glacier, 
are  still  to  be  found  in  the  present  bed  of  the  lake  at  the  island  of 
Inchlonaig  and  other  places,  where  they  had  no  shelter  and  where 
they  could  not  have  escaped  destruction  by  such  an  agency.* 

Here,  then,  we  have  evidence  of  two  distinct  deposits  of  marine 
beds  separated  by  an  interval  of  land-ice,  and  it  is  to  this  second  and 
lesser  suhniergence  that  I  would  assign  what  we  may  for  convenience 
call  the  Clyde  beds,  although  they  are  hy  no  means  confined  to  the 
Clyde  basin,  but  are  met  with  in  a  multitude  of  places  along  the 
west  coast  and  its  numerous  creeks.  The  lowest  height  of  the 
watershed  between  the  Forth  and  Clyde  is  160  feet  near  Kilsyth, 
and  220  near  Balfron  on  the  line  of  the  Stirling  and  Balloch 
Railway.  The  submergence  which  led  to  the  formation  of  the  later 
Arctic  fehell-heds  would  therefore  not  extend  across  the  watershed 
nor  reach  so  far  up.  50  or  60  feet  being  about  the  upper  limit  of 
these  beds  in  the  Clyde  district,  and  the  group  of  mollusca  whose 
remains  are  found  in  them  does  not  indicate  much  depth  of  water. 

When  I  first  made  my  acquaintance  with  the  Clyde  beds  more 
than  40  years  ago,  I  was  struck  with  the  abundance  of  the  sheila, 
their  fine  preservation,  and  the  multitude  of  places  in  which  they 
occur,  all  so  unlike  what  I  had  experienced  on  the  east  side  of  the 
Kingdom.  But  I  felt  at  a  loss  to  understand  how  there  should  be 
such  a  difference  between  the  two  sides  of  the  country,  and  it  was 
not  until  long  after  that  I  came  to  perceive  what  I  now  take  to  be 
the  true  meaning  of  it  all. 

'  See  J.  Adamson,  in  Wemerian  Soc.  Memoirs,  vol.  iv,  p.  334  ;  also  Palaonto- 
graphical  Soc.,  vol.  xxviii,  p.  42. 
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The  first  thing  that  led  me  to  saspect  how  the  matter  stood  was 
-the  discovery  of  the  older  heds  on  the  west  coast,  and  the  mode  in 
whioh  they  generally  presented  themselves,  for  I  then  began  to  see 
that  these  were  the  true  equivalents  of  our  east  ooast  ones,  and  that 
the  reason  of  the  great  dtfferenoe  between  them  and  the  later  Clyde 
beds  was  mainly  that  the  latter  had  never  been  exposed  to  the  same 
tjreatment.  They  had  escaped  the  destructive  action  of  the  last 
glaciation  and  l)elonged  to  a  newer  stage.  Hence  the  better 
•preservation  of  the  beds,  the  greater  abundance  of  the  fossils,  and 
the  more  perfect  state  in  which  the  shells  are  found. 

The  red  clay  in  which  Arctic  shells  (generally  broken)  have  been 
got  at  Belhelvie  and  other  places  on  the  Aberdeenshira  coast,  can  be 
shown  to  be  of  earlier  date  than  the  last  glaciation,  seeing  that  it  is 
covered  by  the  gravelly  moraines  of  the  last  stream  of  ice  which 
-came  down  to  the  coast  along  the  valleys  of  the  Dee  and  Don. 
Agassiz,  who  visited  these  gravel  hills  along  with  Dr.  Fleming  in 
1840,  was  confident  they  were  moraines,  while  Fleming  was  equally 
satisfied  that  their  formation  was  posterior  to  the  shell-bearing  clay 
beside  them,  seeing  that  they  not  only  lie  above  the  clay,  but  also 
•occasionally  contain  rolled  masses  of  it  (see  '*Lithology  of  Edinburgh,'* 
p.  82),  all  which  I  can  confirm.     This  reddish  clay  of  the  east 
midland  coast  of  Scotland  contains  not  only  Arctic  shells  occasionally, 
but  also  bits  of  chalk,  which  are   sometimes  well  scratched   and 
rubbed  as  if  by  ice.     These  chalk  fragments  were  probably  brought 
to  our  shores   by   the   Scandinavian   ice   which   passed   over   and 
destroyed  some  of  the  Danish  chalk.     Tiiey  are  by  no  means  un- 
common  at   Belhelvie    and    Montrose,   and    occur  also   at   Barry, 
Portobello,  and  Peterhead.     There   is,  therefore,    some   reason   to 
•believe  that  all  these  clays  of  the  east  midland  coast  of  Scotland 
which  contain  Arctic  shells  and  bits  of  chalk  belong  to  approximately 
•one  and  the  same  period  —  a  period  previous  to  the  last  general 
glaciation,  and  consequently  earlier  than  the  later  Clyde  beds,  with 
which  they  should  not  be  confounded. 

Now  if  I  am  right  as  to  the  absence  of  the  later  Arctic  shell-beds 
on  the  east  side  of  Scotland,  how  are  we  to  account  for  it?  It 
seems  to  me  that  it  might  be  simply  the  result  of  the  unequal 
pressure  of  ice  on  the  two  sides  of  the  kingdom,  the  heavy  load  on 
the  west  causing  a  depression  and  submergence  which  did  not  affect 
the  east  side.  Indeed,  the  tendency  there  would  rather  be  to  a  rise 
owing  to  the  reason  previously  mentioned. 

In  my  paper  on  the  Parallel  Roads  of  Glen  Roy  in  1863, 1  drew 
particular  attention  to  the  evidence  of  extreme  glaciation  along  the 
west  coast,  and  I  suggested  that  as  the  rainfall  there  far  exceeds 
that  of  the  east,  so  in  former  times  the  fall  of  snow  would  be  in  like 
excess,  hence  heavier  ice  would  result.  The  rainfall  along  the  west 
of  Scotland  is  two  or  three  times  what  it  is  on  the  east,  while  on 
the  mountains  the  excess  is  far  greater.  The  annual  average 
measured  by  the  rain-gauge  on  the  top  of  Ben  Nevis  for  the  nineteen 
years  ending  1903  is  no  less  than  160  inches,  while  at  Fort  William, 
close  to  the  bottom  of  the  hill,  it  is  not  more  than  78  inches,  or  just 


490        Dr,  Henry  Woodicard — Note  on  Cyclus  Johmoni. 

about  half.  On  the  east  coast  of  Scotland  it  is  scarcely  30  inches. 
When  we  consider  how  the  ice  grows  upon  heavily  snowed  regioDs, 
owing  to  the  continual  storage  from  year  to  year,  we  may  easily 
imagine  what  an  enormous  excess  must  have  resulted  on  Uie  west 
side  of  Scotland.  In  fact,  we  know  this  from  the  state  of  matterzi- 
that  existed  in  Inverness-shire  just  before  the  glacier  lake  of  Glen 
Boy  was  formed,  when  the  western  ice  overflowed  all  the  passes  on 
the  east  side  of  the  Great  Glen,  although  these  passes  are  actually 
higher  than  those  on  the  west,  which  led  out  to  the  Atlantic  Thi;^ 
difference  between  the  two  sides  of  the  country  in  regard  to  the 
amount  of  ice  that  lay  upon  them  has  never  been  adequately 
realized,  although  it  affords  the  only  true  means  of  explaining  many 
remarkable  features  in  the  character  of  the  surface,  and  I  think  it 
might  be  sufficient  to  account  for  that  depression  of  the  western  side 
which  led  to  the  formation  of  the  Clyde  beds. 


III.  —  FuRTHKR    Note    on    Cyclus   Johxsom,    fbo3i  the   Coal- 

MBASUBES   MEAB   DUDLET. 

By  IIexky  Woodward,  LL.D.,  F.R.S.,  Y.P.Z.S.,  F.G.S. 

MY  friend  Professor  Lap  worth  kindly  sent  me,  for  identification^ 
in  July  last  the  split  portions  of  two  nodules  containing 
examples  of  the  intereHting  little  Crustacean  genus  Cyclus^  from  the 
'Pennystone'  Ironstone  of  the  Coal-measures  near  Dudley,  obtained 
by  Miss  Ethel  M.  R.  Wood,  M.Sc,  of  the  University  of  Birmingham, 
and  I  have  obtained  pernussion  to  publish  a  note  thereon,  supple- 
mentary (o  my  paper  in  1894.^  In  that  paper  I  described,  amoii«; 
other  species,  one  which  I  named  Cyclus  Johnsoni  (op.  cit.,  PI.  XV. 
Figs.  4-7,  pp.  537-538),  from  the  Coal-measures,  Coseley,  near 
Dudley,  which  is  identical  with  Miss  Wood's  specimens.  As  one  of 
these  latter  displays  some  further  details  of  appendages  I  have  given 
a  figure  of  it  here  as  tending  better  to  elucidate  the  structure  of  this 
curious  genus.     (See  Woodcut  on  p.  491.) 

This  specimen  shows  the  broad,  raised,  and  grooved  margin  of  the 
shield-  or  disc-like  carapace,  the  centre  of  which  is  removed  and 
displays,  as  in  Cyclus  Rtnikini  (op.  cit.,  PI.  XV,  Fig.  8),  the  radiating 
ridges  of  the  ventral  or  sternal  arches  once  giving  attachment  to 
seven  or  more  pairs  of  simple  swimming-  or  walking-feet,  each  having 
been  no  doubt  furnished  with  an  endopodite  and  exopodite,  as  in  the 
limbs  of  Trilobites,^  subserving  the  purposes  of  branchiaa  and  limbs, 
the  bases  being  perhaps  also  maxillae,  or  they  may  have  been 
furnished  with  such  simple  appendages  as  are  seen  in  the  larval 
stages  of  modern  Limulus.^ 

'  See  "  Contribution^^  to  our  Knowledg:e  of  the  j^enus  Cyclu8y  from  the  Carboni- 
ierous  Forniation  ol  various  British  localities":  Geol.  Mao.,  1894,  pp.  630-53y. 
PhiteXV. 

■'*  C.  D.  AValcott :  Geol.  Mao.,  1894,  p.  24G,  PL  VIII,  Fig.  6.  C.  E.  Beecher: 
Geol.  Mao.,  LshG,  p.  lO:},  I'l.  IX. 

^  See  Mon.  lirit.  Foss.  Crustacea,  Order  Merostomata,  by  II.  "Woodward,  pt.  v, 
pp.  214-218,  pi.  xx\m  aud  t>LYAa\i*AV\o\i\  \*«cV. ';^vi\L,  WviM.,  IH<8. 
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Bearing  in  mind  iheit  Prealwiehia  rotundaln,  P,  Biriwelli,  and  other 
Coal-meaaure  forms  of  Xiphosara,  apparently,  are  not  more  advanced 
in  development,  as  compared  with  the  living  king-orab,  than  the  later 
larval  stages  of  LimuluB''polyphemu8  when  first  quitting  the  egg,  as 
represented  in  our  monograph  above  quoted,  then,  if  we  venture 
to  assume  that  the  curious  forms  referred  to  the  genus  Cyelua  are 
but  the  larval  stages  of  those  Coal-measure  Limuli,  we  may  most 
certainly  conclude  that  they  would  represent  in  point  of  structure 
the  still  earlier  phases  of  Limulus,  they  having  been,  so  to  say,  more 
precocious  in  quitting  the  egg  than  their  modern  representatives. 
For  example,  in  the  earlier  stages  of  development  of  the  fertilised 
egg  in  Limidm  polyphemua  (pi.  xxxiii,  figs.  1  and  2,  op.  cit)  only 


a\ 
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Cycluh  Johnsoni,  II.  Woodw.,  1894. 

Impression  and  counterpart  of  a  specimen  from  the  *  Penuystonc'  Ironntone  band  ol 
the  Coal-measures,  Coseley,  near  Dudley.  Dra\ni  twice  nat.  size,  a, «,  antenna- ; 
b,  endopodite  (?)  of  one  oit  mouth-orpins ;  <?,  c,  api)enda^es  of  the  posterior 
segment  of  the  body.    (Orij^nal  specimen  in  Binningham  University  Museum.) 

seven  or  eight  pairs  of  simple  limbs  are  seen,  corresponding  wiiii 
a  similar  number  of  cephalic  somites,  partially  united  dorsallx . 
the  thoracico-abdominal  Megments  and  the  short  telson  not  bein^ 
developed  until  a  much  later  stage. 

This  early  or  premature  hatching  out  of  the  young  characterises 
the  Phyllopoda,  and  indeed  most  living  Entomostrnca.  In  those 
Trilobites  whose  early  history  is  icnown  the  young,  as  in  Sao, 
Ptychoparia,  Triarthrua,  Proetus,  Acidaspis,  and  Dalmanites,  are 
almost  as  simple,  or  even  more  so,  in  their  earliest  known  stages 
as  Cyclus  (see  Beecher  and  Barrande's  figures  infra,  p.  492). 

It  must,  of  course,  be  borne  in  mind  that  this  is  only  a  suggestion. 
and  may  hereafter  prove  to  be  of  no  value  ;  still,  the  fact  remains 
that  the  first  considerable  development  of  Limnlus-WVQ  Crustaceans 
occurs  in  the  Coal-measures,  only  one  small  form,  NeoUmulua,  bein;^ 
met  with  earlier  in  the  Upper  Silurian  of  Lesmahagow.  We  may 
also  justly  assume  that  Limnli  may  be  found  in  all  those  deposits 
younger  than  the  Coal-measures,  seeing  that  king-crabs  are  living 
at  the  present  day  widely  distributed  on  the  east  coast  of  NQ\:tlv 
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Anariw,  wd  in  Ota  mu  of  OhliM,  9upim,i0i  Srinw;  vi  tt? 
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Fk).  l.~&a  AiTHXa,  BnTUde.    OtaibriiB :  Bbw,  BitWiti 
„    a._AiHrJl<9Mri«.Sii<rii,lfMk.    Oudaiui:  Koctii  AwrfK. 
„    S.— iVMriMp«rTiM«HAM,H>ll.    Otdorkiin:  ir««T<cl:,U.8. 
„     i.—J)atmamtm  toeMu,  atzT,    OrfgridM:  DotiMk. 
„     S.— (MM«UuaMpUiiM,Bniiiiosa,9.    Lmnr  OiMMai  (Otarii 


IV.— SusmoK  Musitoi  Nora*. 

Nnr  Foniu  vbok  thi  HATBt*ou>nR  IhsBun.    T. 

Bf  F.  K.  CowHE  Ssra,  H.i-,  F-O^B. 

(PLATE  XHT.) 

LAHELLtBBANCHIATA. 

A  FEW  speoiaa  of  LBtnellibrandia  wan  reooidad  fay  Hannu  KiR 
aad  Boberte*  from  ths  TritmdtM  wd'wnua  Bada  of  HaTBrfoid- 
west;  and  thoagh  soma  new  Bpeoiea  may  now  ba  addad  to  Ibair 
number  with  the  aid  of  tbe  uumerouB  specimens  oolleotad  by 
Mr.  V.  M.  Turnbull,  yet  a  complete  list  of  the  species  ia  at  preaeat 
impossible  owing  partly  to  tbe  imperfect  condition  of  many  of  tin 
foeails  and  partly  to  the  un  satis  factory  state  of  our  knowledge  of  tbii 
olass  as  developed  in  British  Ordovician  rocke. 

The  Slade  and  Kedhill  Beds  have  yielded  the  majority  of  the 
speoies,  and  the  roUowing  may  be  enumerated  : — 
Beubill  Bids. 
Cttntdonla  Miq«a,  Portl.  (F). 
„  trmtta-ta,  FartL(F). 

„         taricoia.  Salt.  (f). 
,,         tladttuit,  ap.  nov,  (tU.)- 
„         tuhitiluU,  Bp.  noT. 
„        two  sp.  iodet. 
Arts  {Falaaree),  up.  indet. 
CyytodiintK  (F)  eancellata,  »p.  dot. 

Sladi  Bins. 
Onhadftma  leiairadiala,  up,  nor. 
Ctmodmta  tingualu,  Pbill.  {?), 
„        ilttdtHtit,  ap.  UOT. 
„        tranntnu,  Poitl.  (?). 
„        two  sp.  indet. 

'  Fift.  1-1,  from  Zittel'a  Textbook  of  Falawntolosj,  tnatlstsd  and  aditad  bf 
C.  B. Saetnitu)  (Loodoo,  ISOO;  Bvo],  p.  61B.  Fig.  6  b^m  C.  D.  Wslsott'a  Lo>« 
Cambrian  Faona,  pi.  luiviii,  fig.  1. 

1  Uarr  &  Boberts :  Qoart.  Jooni.  Qeol.  See.,  *oL  iH  (IMS),  {(.  47S-4M. 
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Area  (Palaarca)  lUmbuUit  sp.  noT. 
WhiUlla  (P)  tMMft/u,  sp.  nov. 
Ambonyehia  cf.  radiata,  Hall. 
Modioloptit  Martini^  sp.  noY. 

,,         iubpradata,  sp.  nov. 

„        sp.  indet. 
0<miophora  of.  eymbaformit^  Sow. 

Obthodbsma  8EMIBADIATA,  sp.  nov.     (PI.  XXIV,  FlgB.  8,  9, 

10,  10a.) 

Descbiption. — Shell  elongate-oval,  narrow,  aboot  three  times  as 
log  as  high,  gaping  slightly  at  both  ends ;  inferior  and  superior 
largins  subparallel ;  beaks  small,  not  prominent,  soaroely  rising 
!)oye  binge-line,  directed  forwards,  situated  at  about  one-fourth  or 
ne-fiftb  the  length  of  the  shell  from  the  anterior  end,  with  small 
idistinctly  defined  lunulate  area  in  front  of  them ;  anterior  end  of 
lell  short,  narrowed,  acutely  rounded;  posterior  end  obliquely 
uncated  with  inferior  angle  snbacutely  rounded ;  cardinal  margin 
jraight,  about  one-half  to  two-thirds  the  length  of  the  shell ; 
iferior  margin  gently  arcuate,  curving  up  sharply  in  front.  Valves 
>mpressed,  very  slightly  convex,  with  weak,  rounded,  umbonal 
idge  running  obliquely  backward  from  beak  towards  postero- 
iferior  angle,  before  reaching  which  it  becomes  obsolete ;  surface 
f  valve  flattened  above  umbonal  ridge ;  no  distinct  medial  depression 
resent  Surface  of  valves  ornamented  with  sharp,  concentric,  sub- 
dual lines  and  striaa,  well  marked  in  front  of  umbonal  ridge,  behind 
rhich  they  are  nearly  obsolete ;  umbonal  ridge  and  post-iimbonal 
irface  marked  with  fine,  low,  closely  placed,  rounded  radii,  most 
istinct  near  inferior  angle.  Anterior  adductor  impression  sub- 
larginal,  ovate,  more  or  less  distinct ;  posterior  adductor  and  pallial 
npression  not  visible.     Shell  apparently  thin. 

Dimensions. 

I. 

Length       ...         ...         ...         ...       26*5 

Height  (at  beak) 6*5 

Distence  of  beak  from  anterior  end        6*0        —         —         —         — 

Horizon  and  Locality. — Slade  Beds  :  roadside  near  St.  Martin's 
/emetery,  Haverfordwest. 

Remarks. — This  species  is  fairly  common  in  the  Slade  Beds,  near 
>t.  Martin's  Cemetery,  Haverfordwest,  a  locality  at  which  many 
jamellibranchs  are  found.  The  specimens  are  frequently  somewhat 
istorted  and  crushed,  and  suggest  a  thin  delicate  shell.  The  true 
;eneric  position  of  this  shell  is  somewhat  doubtful,  since  we  are 
^orant  of  its  hinge-characters,  and  since  the  classification  and  nomen- 
lature  of  the  Lower  Palasozoio  Lameliibranchs  is  in  a  notoriously 
in  satisfactory  and  unsettled  condition.  Uirich  ^  has  recently  revised 
he  members  of  this  group  occurring  in  the  Ordovician  beds  of 
iinnesota,  but  his  diagnoses  are  not  always  easy  to  apply  to  the 

1  Uirich,  I^wer  Silur.  Lamell.  Minnesota:  Geol.  Surv.  Minnes.,  vol.  iii,  pt.  1, 
895,  pp.  476-628. 


II. 

III. 

IV. 

v. 

32*5 

23*5 

19*0 

29*0  mm. 

12-5 

8*5 

4*6 

7*5  mm. 
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poorly  preserved  material  from  the  British  formationSy  and  oon- 
sequently  the  new  or  revised  generio  terminology  adopted  by  him 
cannot  in  many  cases  be  employed  without  some  element  of 
uncertainty. 

In  the  present  case  there  are  three  genera  which  have  some 
external  points  of  resemblance  to  this  Slade  form.  Orfkodesma 
resembles  our  shell  in  general  shape,  the  gaping  of  both  ends,  and  the 
position  of  the  beaks  and  muscles,  but  it  is  stated  to  have  a  broad  mesial 
sulcus  which  is  certainly  absent  in  the  Slade  species.  On  the  other 
hand,  0.  canaUculatum,  Ulrich,^  has  only  a  very  shallow  sulcus,  and 
possesses  obscure  posterior  radii,  a  kind  of  ornamentation  apparently 
wanting  in  other  members.  0.  minnesotensey  Ulrich,'  also  appean 
to  be  allied  to  our  form,  judging  from  the  figures  and  description; 
the  shape  of  the  shell  is  nearly  identical,  and  the  mesial  salens 
appears  to  be  absent.  Endodesma*  has  a  more  or  less  defined  lunnle 
in  front  of  the  beaks,  but  the  mesial  depression  is  strong  and  the 
basal  margin  consequently  sinuate ;  however,  the  general  external 
aspect  of  some  species  is  not  very  dissimilar  from  Orthodesma. 
Whiteavesia  ( =  Actinomya)  *  has  tightly  closing  valves  and  no 
lunule,  but  a  radial  ornamentation  on  the  surface  of  the  shell  is 
sometimes  well  marked. 

On  the  whole,  of  the  above  three  genera  our  species  seems  most 
probably  to  belong  to  Orthodeama,  The  external  ornamentation 
recalls  Nuculites  postatriatus,  Emmons,^  of  the  Trenton  and  Hudson 
Kiver  groups,  but  the  shell  is  much  shorter  and  higher,  the  beaks 
are  subanterior,  and  the  umbonal  ridge  stronger  and  more  prominent 
Modiolopsis  posilineata,  McCoy,®  with  a  similar  ornamentation,  is 
a  .shorter  shell,  with  almost  terminal  beaks  and  a  more  abruptly 
truncated  posterior  end,  but  the  type  is  imperfect,  and  it  may  be 
allied  to  this  new  Slade  species. 

Ctenodonta  sladensis,  sp.  nov.     (PI.  XXIV,  Fig.  12.) 

Description. — Shell  subquadrate-ovate  or  subrhomboidal,  about 
one  and  a  half  times  as  lont^  as  high,  thin,  compressed  ;  anterior  end 
rounded ;  posterior  end  obliquely  truncate  above,  rounded  below, 
meetintj;  binge-line  at  about  45°;  inferior  margin  broadly  rounded; 
cardinal  margin  behind  beaks  straight  and  about  half  the  length  of 
shell ;  beaks  small,  not  prominent,  directed  forwards,  situated  at 
about  one-third  the  length  of  the  shell  from  anterior  end,  which 
is  slightly  excavated  below  them.  Umbonal  ridge  sharply  marked, 
slightly  arched  ;  cardinal  slope  above  it  flattened,  compressed. 
Teeth  behind  beak  obliquely  inclined,  transverse,  10  or  more  in 
number.  Surface  of  shell  regularly  marked  with  very  fine  con- 
centric striaB. 

'  Ulrich:  op.  cit.,  p.  .320,  pi.  xxxvii,  fi<^8.  7-11. 
-  ririch:  (ip.  cit.,  p.  ol7,  pi.  xxxvii,  tigs.  12-14. 
^  Ulrich:  op.  cit.,  p.  625. 
*  Ulrich:  op.  cit.,  pp.  .'ilS,  G28. 

*»  Emmons:  Geol.  Rep.,  1842,  p.  399,  fi<?.  3.     Ilall :  Palacont.  New  York,  vol.  i, 
pp.  151,  301,  pi.  xxxiv,  tigs.  2^,  b\  pi.  Ixxxii,  figs.  10^,  b, 
''  McCoy:  S}iiops.  Pahcoz.  Foss.  Woodw.  Mua.,  p.  268,  pi.  ii,  fig.  22, 
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DofKNSIONS. 

I  II 

(from  Slade  Beds).        (var.  from  Redhill  Beds). 

Length        13*5        14*0  mm. 

Height        lO'O        9*5mm. 

Locality  aud  Hobizon. — Slade  Beds:  roadside  110  yards  west 
of  St  Martin's  Cemetery  ;  (variety)  Bedhill  Stage,  Prendergast 
Mill  Lane. 

BsMABKS.  —  This  shell  has  a  very  compressed  form,  and  its 
Bobqnadrate  shape  and  subaurionlate  appearance  give  it  a  con- 
siderable similarity  to  Nucula  deltoideaf  Phillips.*  But  the  latter  is 
less  obliquely  truncated  behind,  the  umbonal  ridge  is  less  sharply 
marked,  and  the  teeth  appear  to  be  more  numerous.  Ulrich's 
Cl.  Calvini*  is  apparently  more  allied.  The  Redhill  specimens  are 
rather  more  ovate  than  those  from  the  Slade  Beds,  and  have  the 
teeth  generally  better  preserved. 

Ctenodonta  8UBS0ITULA,  sp.  nov.     (PI.  XXIV,  Figs.  13,  13a.) 

Desoription. — Shell  elongate-ovate,  about  twice  as  long  as  high, 
highest  at  beaks,  narrowed  posteriorly,  strongly  convex,  most  so 
%bout  middle,  somewhat  compressed  behind.  Anterior  end  broadly 
rounded,  excavated  above  in  front  of  beaks  ;  posterior  end  produced, 
Bubaontely  pointed,  very  obliquely  truncated  above ;  inferior  margin 
moderately  convex.  Hinge-line  gently  arcuate,  with  series  of  about 
22  small  transverse,  slightly  oblique  teeth  in  front  of  beaks, 
increasing  somewhat  in  size  towards  the  front  and  extending  from 
beaks  to  anterior  end  of  shell ;  post- umbonal  series  of  teeth  meeting 
anterior  series  at  very  obtuse  angle,  but  continuous  with  it  and 
consisting  of  9-11  larger  transverse  teeth  increasing  rapidly  in  size 
posteriorly  and  successively  becoming  more  obliquely  inclined. 
Beaks  prominent,  incurved,  rising  above  hinge-line,  scarcely  bent 
backwards,  situated  at  about  one-third  the  length  of  the  shell  from 
interior  end.  Surface  of  valves  convex,  with  strong,  subangular, 
curved,  diagonal  ridge  running  back  from  beak  to  upper  posterior 
ingle,  limiting  a  more  or  less  excavated  cardinal  slope  inclined  at 
nearly  a  right  angle  to  the  general  convex  surface  of  the  valve. 
Surface  of  shell  marked  with  regular,  equidistant,  rather  strong, 
x>noentric  strisB. 

Dimensions. 


J. 

II. 

16-5 

•  •  • 

13*5  mm. 

9-0 

•  •  • 

7*0  mm. 

J.<CIuri>u  ...  •••  «••  .•* 

Height 

Hobizon  and  Locality.  —  Redhill  Beds  :  Prendergeist  Place 
tnd  Lane. 

Bemarks. — The  characters  of  the  dental  series  combined  with  the 
ihape  and  general  features  of  the  shell  distinguish  it  from  the  other 
lumerous  species  of  Ctenodonta  found  in  the  Redhill  and  Slade  Beds, 
md  I  am  not  acquainted  with  any  described  species  which  can  be 

1  Phillips :  Mem.  Geol.  Surv.,  vol.  ii,  pt.  1,  p.  366,  pi.  xxii,  fig.  5. 
*  TJlrich :  op.  cit.,  p.  696,  pi.  xlii,  figs.  61-64. 
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oonsidered  identioal  with  it  HoOoy's  ao-oalled  Area  Mitak*  \m» 
a  oonsiderable  external  reeemblaxioe  to  oar  Bedhill  fonn,  bat  b» 
information  as  to  the  internal  oharaoters  of  this  Irld^  shell  hss  btes 
pablished. 

AsoA  (PaiiJbaboa)  Tcbhbulu,  sp.  nor.    (PI.  XXIT,  Fi|^  14) 

DisoKiPTiON. — Shell  obIong»  more  than  twioe  as  long  as  hi|^; 
oonvez,  most  so  about  middle;  hinge-line  straight,  about  thne- 
fourths  the  length  of  shell ;  beaks  broad,  obtuse,  direoted  forwaii 
rising  above  hinge-line,  inounred,  situated  at  about  one-fourth  tlit 
length  of  hinge-line  from  front  end,  and  at  about  one-third  to  two- 
fifths  the  length  of  shell ;  anterior  end  of  shell  obliquely  tninoil» 
above,  acutely  rounded  at  inferior  angle;  inftrior  maigin  dig^tlj 
aronate;    posterior  end  obtuse,  abruptly  trunoate,  not  produosd, 
meeting  hinge-line  at  about  60^-70^*     Teeth  trsnsvexse,  inclined 
away  from  beak,  about  8-10  visible  behind  beak.    SurfiMe  dTvalvsi 
moderately  oonvez  with  umbonal  ridge  running  obliquely  back  te 
posterior  end  at  angle  of  about  20^  to  hinge-line ;   <»rdinal  skqps 
behind  and  above  umbonal  ridge  oompressed,  flattened ;  anterior  end 
in  front  of  beaks  somewhat  depressed  above,  but  oonvez  below. 
Surface  of  shell  marked  with  fine  conoentrio  strisd  and  weak  growth- 
wrinkles. 

DimENSIONS. 

IiSiigth  ...        ...        ...        ...        ...        ...        20*6siiD. 

Sfii^ht  ...        ••.        •••        •••        ...        ..•  9*6bim. 

LoOALiTT  AND  HoRizoN.— Slsde  Bods :  roadside  150  yards  west 

of  St.  Mftrtin's  Cemetery,  Haverfordwest. 

Bemarks. — This  species  resembles  A.  edmondifomUsy^  but  the 
Rhell  is  relatively  longer,  the  beaks  are  more  central,  and  the 
truncation  of  the  ends  is  different.  Portlock's  Area  cylindrica* 
is  more  elongated  and  the  beaks  more  anterior ;  and  in  his 
A.  svbtruncata^  the  shell  is  shorter  and  broader,  and  the  beaks 
are  more  centrally  situated. 

CtBTODONTA  (?)    GANCELLATA,   Sp.   HOV,       (PI.  XXIV,  FigS.  11,  11a.) 

Description.  —  Shell  quadrato-ovate,  slightly  oblique,  truncated 
abruptly  in  front,  broadly  rounded  behind,  about  1^  times  as  long 
as  high,  widening  a  little  posteriorly  ;  surface  monerately  convex, 
most  so  about  middle  of  valves.  Beaks  anterior,  low,  small,  scarcely 
rising  above  hinge-line,  directed  forwards.  Anterior  margin  nearly 
straight,  abrupt,  meeting  inferior  and  superior  margins  at  nearly 
right  angles.  Inferior  margin  slightly  arcuate.  Posterior  end 
obtuse,  broadly  rounded  below,  obliquely  truncate  above.  Superior 
cardinal  margin  straight,  about  three-fourths  the  length  of  shelL 
Hinge-line  bent  at  nearly  a  right  angle  at  beaks.  Broad,  rounded, 
ill-defined  umbonal  ridge  running  obliquely  from  beak  to  posterior 

*  McCoy :  Synops.  Silur.  Foss.  Irel.^.  20,  pi.  ii,  fig.  6. 

*  McCoy :  Synops.  Brit.  Pal.  Foss.  Woodw.  Mas.,  p.  283,  pi.  iK,  figs.  2,  3. 
'  Portlock :  Oeol.  Rep.  Londond.,  p.  428,  pi.  zxxiT,  fig.  9. 

^  Ibid.,  p.  427,  pi.  xxxiv,  fig.  I. 
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angle,  inoreasing  in  height  to  middle,  then  decreasing  behind  and 
merging  into  general  convexity  of  valve.  Surface  of  shell  orna- 
meoted  with  numerous  fine,  regular,  equidistant,  straight,  radiating, 
raiseil  lines  running  from  beak  to  inferior  margin  on  anterior  two- 
thirds  of  shell,  but  faint  or  absent  on  posterior  portion  ;  crossed  by 
rather  irregular,  somewhat  undulating,  not  always  equidistant,  fine 
oonoentric  fimbriations  which  become  much  more  numerous  and 
regular  on  posterior  third  of  shell  where  the  radii  are  absent. 

Dimensions. 

Length  9'Omm. 

Height  7'Omm. 

Thickness  (one  Talve) ...        3*6mni. 

Horizon  and  Liocalitt.  —  Eedhill  Beds :  80  yards  north  of 
Prendergast  Place,  Haverfordwest. 

Rkmarks. — The  true  generic  position  of  this  pretty  little  shell  is 
somewhat  doubtful,  for  thqugh  we  have  the  internal  cast  of  the 
shell  and  external  imprints  of  the  surface,  the  cardinal  portion  is  not 
well  preserved,  and  the  region  near  the  beaks  is  somewhat  abraded. 
No  trace  of  teeth  is  visible,  but  the  ligament  seems  to  be  external 
behind  the  beaks.  I  am  inclined  to  associate  it  with  Cyrtodontat 
some  species  of  which  bear  much  resemblance  in  exteiiial  shape, 
though  the  ornamentation  in  our  specimens  is  peculiar. 

Whitblla  (?)  INUTILI8,  sp.  nov.     (PI.  XXIV,  Figs.  7,  la,) 

Description. — Shell  small,  oblique,  very  elongate-ovate,  some- 
what wedge-shaped,  narrowing  posteriorly  ;  strongly  ventricose  and 
inflated.  Hinge-line  short,  straight  behind  beaks,  and  less  than 
one-third  the  oblique  length  of  the  shell,  meeting  posterior  margin 
at  angle  of  about  135°,  with  elongate  narrow  escutcheon  grooved  on 
each  side  for  reception  of  ligament.  Posterior  end  of  shell  much 
produced,  very  obliquely  truncated,  margin  nearly  straight,  with 
inferior  angle  acutely  rounded  ;  inferior  margin  slightly  arcuate, 
inclined  to  posterior  margin  at  about  30°-40°  ;  anterior  end  of  shell 
very  short,  rounded.  Beaks  rather  prominent,  small,  acute,  directed 
forward,  rising  above  hinge-line,  incurved,  situated  at  about  one- 
third  the  length  of  hinge-line.  Strongly  elevated,  subangular 
umbonal  ridge,  slightly  arched  upwards,  running  from  beak  to 
posterior  basal  angle,  nearer  upper  than  lower  margin  of  shell, 
giving  valves  an  inflated  appearance ;  convexity  of  ridge  increasing 
from  beak  to  middle  of  valve  and  then  decreasing  gradually  to 
extremity.  Surface  of  shell  marked  with  rather  strong  concentric 
strisd  and  wrinkles,  and  by  a  few  faint,  gently  curved,  radiating  strise, 
especially  distinct  on  the  region  anterior  to  the  umbonal  ridge. 

Dimensions. 

Length  ...        ...        ...        ...        ...        ...        15*0nim. 

Height  ...         ...         ...         ...         ...         ...  S'O  mm. 

Thickness       ...        ...        ...        ...        ...        ...  6*5  mm. 

Horizon  and  Locality. — Slade  Beds :  roadside  near  St.  Martin's 
Cemetery,  Haverfordwest. 

DBCADI  V, — VOL.  U. — NO.  XI.  32 
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Remarks. — The  true  generic  position  of  ibis  little  shell  (of  which 
I  have  seen  only  one  well-preserved  speoimen)  is  somewhat  difficnit 
to  decide.  At  first  I  was  inclined  to  put  it  in  Qoniophora,  thoogfa 
that  genus  is  typically  Silurian.  But  on  comparison  with  the 
description  and  figures  of  the  American  genus  Whitella '  from  the 
Ordovician  of  Ohio,  Minnesota,  etc.,  the  shape,  the  presence  of 
the  strong  umbonal  ridge  and  escutcheon  lead  me  to  associate  it 
preferably  with  the  latter  genus.  Wh,  sierlingensis.  Meek  &  Worihen,^ 
and  Wh,  pracipta,  Ulr.,^  are  species  which  may  be  compared  with  it. 

AmBONYOHIA    (BySSONYOHIA)    Cf.   BADIATA,  Hall. 

There  is  one  fragmentary  cast  of  a  large  Lamellibranch  from  the 
Slade  Beds  in  Mr.  Turnbull's  collection  which  may  be  compared 
with   Hall's  Ambonychia  radiata^  from   the   Hudson  River  group. 
The  umbonal  portions  of  both  valves  in  juxtaposition  are  preserved 
as  internal  casts,  and  there  is  also  the  imprint  of  the  exterior  of  one 
valve.      The  ventricose  shape  of  the  valves,  the  pointed  incurved 
beaks,  and  the  regular,  low,  radiating  plications,  30-40  in  number, 
ornamenting    the    surface,  can    be   distinctly    seen,    but   no  other 
structural  features  are  distinguishable.     The  fragment  which  repre- 
sents the  anterior  portion  of  the  shell  measures  about  27  mm.  in 
length,  but  the  shell  when  complete  must  have  been  about  twice 
this  length.     The  occurrence  of  this  specimen  is  worth  noting,  as 
no  example  of  a    Lamellibranch  resembling  A,  radiata  has  been 
previously  recorded  from  the  Slade  Beds ;  but  it  is  to  be  hoped  that 
better  material  for  description  will  be  subsequently  obtained.     The 
species  has  been  found  in  the  Corona  Beds  of  Cross  Fell.     It  may 
be  mentioned   that  Ulrich  *    has  put  A.  radiata   into  a  new  genus 
Byssoiiychia,    separating    it    from    the    typical    Ambonychia    belli- 
striata.  Hall. 

MoDiOLOPSis  Martini,  Kp.  nov.     (PI.  XXIV,  Figs.  1-4.) 

Description.  —  Shell  small,  obliquely  elongate,  expanding 
posteriorly,  convex.  Cardinal  margin  straight ;  anterior  end  small, 
narrowed,  rounded  ;  beaks  small,  obtuse,  incurved,  moderately 
prominent,  situated  at  about  one-fifth  or  one-sixth  the  length  of  the 
shell  from  anterior  end  ;  inferior  margin  gently  sinuated  at  about 
one-third  or  one-fourth  of  its  length,  curving  round  gently  at 
posterior  extremity;  posterior  end  of  shell  broad,  nearly  twice  as 
wide  as  anterior  end,  strongly  rounded.  Valves  convex,  more  or 
less  ventricose,  with  indefinite  rounded,  broad,  umbonal  ridge 
running  obliquely  back  from  beak  ;  shallow  indistinct  sulcus 
running  from  beak  in  front  of  umbonal  ridge  to  inferior  margin, 
which  it  slightly  sinuates ;  surface  of  valves  behind  umbonal  ridge 
more  or  less  flattened.  Surface  of  shell  ornamented  with  fine 
concentric  growth-lines  and  strias,  some  of  which  are  stronger 
than  others. 

^  T'lrich  :  op.  cit.,  p.  .564. 

^  ririch:  op.  cit.,  p.  567,  pi.  xli,  fip?.  27,  28. 

3  Ulrich :  op.  cit.,  p.  574,  pi.  xli,  %s.  1.3,  16. 

*  Hull:  Palioont.  New  York,  vol.  i  (1847),  p.  292,  pi.  \\xx,  tigs.  4a-/. 

*  Ulrich:  op.  cit.,  p.  498. 
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MENSIONS. 

I.  II. 

Iien<»th        15*0  ...         15*0  mm. 

Heii^ht  at  beak       4*5  ...  5*0mm. 

Height  at  posterior  end     7*6  ...  7*0  mm. 

)RizoN  AND  Locality. — Slade  Beds  :  roadside  near  St.  Martin's 
9tery,  Haverfordwest. 

CMABK8. — The  above  described  species  varies  somewhat  in  its 
Drtions,  but  is  certainly  distinct  from  the  British  species 
iously  described  from  Ordovician  rocks  which  can  be  referred 
e  genus  Modiolopsis  in  the  restricted  sense  in  which  the  term  is 
by  Uirich  (op.  cit.,  p.  502).  The  definition  given  by  him  is  the 
wing  : — "  Shell  more  or  less  elongate,  usually  subovate,  widest 
)riorIy ;  valves  moderately  ventricose,  closing  tightly  all  around, 
s  small,  near  the  anterior  extremity ;  umbones  depressed  by 
ttening  or  depression  which  crosses  the  valves  obliquely,  and 
ning  causes  a  straightening  or  sinuation  of  the  basal  outline. 
;e  of  moderate  strength,  rarely  straight,  generally  somewhat 
ite,  without  well-marked  teeth;  an  obscure  oblique  thickening 
ath  the  beak  of  one  valve  and  a  corresponding  depression  in  the 
r  occasionally  distinguishable.  Ligaments  linear,  external  and 
nal,  ehiefiy  the  former.  Anterior  adductor  impression  sub- 
),  large,  deep,  sharply  defined  on  the  inner  side,  occupying  the 
:er  part  of  tlie  small  anterior  end.  Posterior  scar  very  faintly 
essed,  large,  subcircular,  situated  near  the  centre  of  the  posterior 
of  the  cardinal  slope.  Pallial  line  simple.  Anterior  pedal 
i\e  forming  a  minute  pit  in  the  under  side  of  the  hinge- 
beneath  the  beak.  Posterior  pedal  muscles  large,  attached 
above  and  in  front  of  the  adductor.  Type :  M.  modtolaris, 
ad,  sp." 

le  Slade  species  appears  to  be  allied  to  M,  arguta,  Uirich 
cit,  p.  506,  pi.  XXX vi,  figs.  3-6),  and  M,  nanay  Uirich  (op.  cit., 
)7,  pi.  xxxvi,  fig.  7),  from  the  Trenton  and  Galena  Shales. 
British  shells  attributed  to  ^f,  modiolaris,  Oonr.,  and  M,  Nilsoni, 
sp..  are  much  shorter  and  higher,  and  have  a  broader  anterior 
Salter's  Mytilus  gradatus  ^  is  likewise  a  less  elongated  form, 
lock's  Modiota  expansa^  from  Desertcreat  is  allied,  but  un- 
tedly  distinct  from  our  species. 

lere  is  a  variety  of  M,  Martini  occurring  in  association  with 
.ypical  form,  and  scarcely  separable  from  it  specifically;  it  is 
icterised  by  possessing  a  less  elongated  shape,  a  smaller 
oing  of  the  posterior  end,  a  somewhat  broader  anterior 
mity,  and  rather  stronger  varices  of  growth  on  the  surface, 
specimens  are  mostly  not  well  preserved,  and  intermediate 
B  connecting  it  with  the  type  are  not  uncommon.  Some 
mens  resemble  the  longer  forms  of  Jf.  gradata,  Salter  (op.  cit., 
3  and  4),  but  the  latter  occurs  in  the  Ludlow  Beds,  and  is 
My  distinct. 

^  Salter:  Mem.  Geol.Surv.,  vol.  ii,  pt.  1,  p.  363,  pi.  xx,  figs.  3-.3. 
^  Portlock  :  Geol.  Hep.  Londond.,  p.  425,  pi.  xxxiii,  tig.  6. 
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MODIOLOPSIS   SUBGBADATA,    Sp.  DOV.       (PL  XXIY,  FlgS.  5»  G.) 

Description.  —  Shell  subquadrate  to  tranBversely  ovate,  short, 
oblique,  widening  posteriorly,  about  1^  to  1^  times  as  lonf?  as  high ; 
greatest  height  at  about  two -thirds  of  its  length.      Hing;e-liQe 
straight,  extending  about  two-thirds  the  length  of  the  shell  behind 
the  beaks.     Anterior  end  of  shell  somewhat  narrowed,  sabtroncate, 
rounded,  about  two-thirds  the  greatest  height  of  the  shell.     Inferior 
margin  slightly   convex,  oblique,   gently  sinuated.     Posterior  end 
broadly  rounded,  regularly  convex ;   inferior  angle  not  prodnced. 
Beaks  situated   at  about  one-third  the   length  of  the   shell   from 
anterior  extremity,  small,  obtuse,  rising  a  little  above  hinge-line. 
Surface   of  valves   gently  convex,  with  a  more  or  less  developed 
rounded  umbonal  ridge  traversing  valve ;  cardinal  slope  somewhat 
flattened ;   mesial  depression  faint  or  nearly  obsolete,  but  always 
indicated  on  inferior  margin  by  sin  nation  of  edge.     Surface  of  shell 
marked  with   concentric   strisa  and  a  few  stronger  growth-ridges, 
meeting  hinge-line  at  an  angle  between  75^  and  90^. 

Dimensions. 

1.  II.  III. 

Length       10-,')        ...        9*0        ...         14*omm. 

Maximum  height  ...  8*0        ...         7*.0        ...         lO'Omm. 

Horizon  and  Looalitt. — Blade  Beds  :  roadside  near  St.  Martin\« 
Cemetery,  Haverfordwest. 

Remarks. — The  short,  broad,  subquadrate  shape  of  this  species, 
especially  emphasised  in  the  younger  and  smaller  specimens,  recalls 
both  M,  gradatiu  Salt.,^  and  M.  qundrata.  Salt.,-  but  the  hinge-line  is 
longer  and  the  inferior  an^le  not  prodnced  as  in  the  former,  while 
the  latter  lias  a  less  oblique  shape,  the  inferior  margin  is  not 
sinuated,  and  the  anterior  end  less  narrowed. 

GoNIOPnORA   Cf.    CYMD-EFORMIS    (Sow.).       (PI.  XXIV,  FlgS.    15,  lod.l 

There  is  a  large  Lamellibranch  from  the  Slade  Beds  which  bears 
a  great  resemblance  to  Goniophora  cynihceformts  (Sow.),  but  this 
species  typically  belongs  to  a  much  higher  horizon  (i.e.  Ludlow).  Our 
single  Slade  specimen,  which  measures  52  mm.  in  length,  23  mm.  in 
height,  and  29  mm.  in  depth,  has  the  peculiar  elongated  form  with 
very  deep  valves,  incurved  anterior  beaks,  strong  angular  umbonal 
ridge,  pointed  extremity,  and  large  flattened  cardinal  region  and 
posterior  side  inclined  at  an  angle  of  45^-60°  to  the  general  convex 
surface  of  the  shell.  The  beaks  are  small,  but  acute,  and  have 
a  distinct  cordate,  slightly  depressed  lunule  below  them.  Below  the 
umbonal  ridge  the  valve  is  rounded  and  convex,  and  the  shell  is 
marked  with  concentric  striae  and  rugsB,  the  latter  being  strongest 
and  most  regular  near  the  beaks  and  on  the  anterior  part  of  the 
umbonal  ridge.  The  much  flattened  elongate  cardinal  slope  is  only 
marked  with  fine  concentric  striae,  the  sudden  change  in  the  character 

'  Salter:  Mem.  Geol.  Suit.,  vol.  ii,  pt.  1,  p.  363,  pi.  xx,  figs.  3-5. 
2  Ibid.,  p.  363,  pi.  XX,  tig.  1. 
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of  the  ornamentation  being  oonspicuoQB.  Our  specimen  is  nn- 
donbtedly  somewhat  compressed  and  distorted,  but  its  close  relations 
or  perhaps  identity  with  the  Silurian  species  Q,  eymbaformia  cannot 
be  disputed.  Sowerby*8 '  description  of  the  Upper  Ludlow  shell  is 
as  follows: — "Transversely  oblong;  valves  deep,  carinated;  the 
keel  acute,  extending  from  the  beak  to  the  angular  extremity  of  the 
narrow,  oblique,  produced  posterior  side;  beaks  short,  incurved, 
close  to  the  small  heart-shaped  anterior  side." 

EXPLANATION  OF  PLATE  XXIV. 

JPio.    1. — Modiolopiis  Martini,  sp.  nor.    Slade  Beds:  near  St.  Martin's  Cemetery, 
Haverfordwest,     x  2. 
2. — Ditto.     Same  horizon  and  locality,     x  2. 
3. — Ditto.     Same  horizon  and  locality,     x  2. 
4. — Ditto.     Same  horizon  and  locality,     x  2. 
„      5. — Modioloptit  subgradata,  sp.  nov.    Same  horizon  and  locality,     x  2. 
„      6. — Ditto.     Same  horizon  and  locality,     x  2. 
,,      7. —  Whitellai^^  \ntUiliiyV^,iioy,    Internal  cast,  inferior  view.    Same  horizon 

and  locality,     x  2. 
„      7a. — Ditto.     Same  specimen,  side  view,     x  2. 

„      8. — Ortkodetrtna  setniradiatay  sp.  nov.     Same  horizon  and  locality,     x  2. 
,,      9. — Ditto.    Same  horizon  and  locality,     x  2. 
„     10. — Ditto.     Same  horizon  and  locality,     x  2. 
,,     10a. — Ditto.     Same  specimen,  cardmal  view,  showing  gaping  extremities  of 

shell.     X  2. 
„     11. — Cyrtodonta  (?)  eancellata,  sp.  nov.    Internal  cast.    Redhill  Beds:  Prender- 

Sist  Place,  Haverfordwest,     x  2. 
itto.    Same  specimen.    Portion  of  exterior  of  right  valve,  showing 
ornamentation,     x  4. 
12. — Ctenodonta  tladensit,  sp.  nov.   Internal  cast.   Slade  Beds :  near  St.  Martin's 

Cemetery,  Haverforowest.     x  2. 
13. — CtenodofUa  8ubseitula,BT^,noY.    Internal  cast.    Bedhill  Beds :  Prendergast 

Place,  Haverfordwest,     x  2^. 
13a. — Ditto.     Same  specimen,  showing  cardinal  characters,     x  3. 
14. — Area  (Palaarca)  Turnbulli,  sp.  nov.      Slade  Beds:    near  St.  Martin's 
Cemetery,  Haverfordwest,     x  2. 
,,     15. — Ooniophora  d,  eymbaformia  i^cm.).   Same  horizon  and  locality.  Nat.  size. 
„     15a. — Ditto.     Same  specimen,  inferior  view.    Nat.  size. 
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Meditebbanban  Hegion. 

By  Dr.  C.  I.  Foesyth  Major,  F.Z.S. 

{Concluded  from  the  October  Number,  p,  467.) 

Nice, — Among  tbe  mammalian  remains  enumerated  by  Bisso  from 
ihe  bone  breccia  of  the  Castle  Catinat  at  Nice,  are  bones  and  teeth  of 
'Lagomya,*^  Remains  of  the  same  genus  have  been  more  recently 
mentioned  by  Hiviere,  from  a  paladolithic  deposit  discovered  by  him 
in  a  small  cave,  Lympia,  inside  the  town  of  Nice.^ 

Mentone.  —  On    pi.   xvii    ("  Faune    des   grottes   de   Menton "), 

*  Sowerhy,  in  Marchison*s  Silnr.  Syst.,  p.  609,  pi.  v,  fig.  6. 

*  A.  Bisso,  Hist.  Natur.  dea  princ.  prod,  de  rEurope  m6rid.,  vol.  i,  pp.  151, 
152  (1S26). 

»  E.  Bividre,  *«  La  Grotte  Lympia  " :  C.  B.  Paris,  vol.  neW,  ^.  \1^  VV^"^*]^. 
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fig.  10,  of  Biia^'s  well-known  pnbliottion/  ii  Tepntentad  a  M 
mandibidar  ramuB  of  a  **  £ag4mif8  d'aasez  petite  taille,*'  aooording  to 
the  explanation  of  the  plate*  In  the  dunennon8»  which  are  hf  «> 
means  email  for  a  member  of  the  family,  as  well  at  in  the  oontoui 
of  the  ramos,  it  oorresponde  with  the  Protagug  from  Ooruoi;  it 
certainly  belongs  to  the  latter  genus,  and  not  to  the  reoent  (^ofow 
(Lagamy$).  Tne  text  makes  no  mention  of  this  rodent  as  ooonirii^ 
in  the  oaves  of  Mentone,  so  that  farther  oonfirmation  seenua 
desirable.  This  has  now  been  obtained  in  the  most  satisfiwtoiy 
manner,  Professor  Bonle  having  found  Frotagu§  in  the  "  Ghotte  dn 
Prinoe,"  near  Mentone.  In  his  preliminaiy  notioe  on  the  resolti  of 
the  excavations,'  this  rodent  is  stated  to  occur  together  with  tlie 
rabbit,  eta,  in  strata  underlying  an  Upper  Qaatemary  famm  (SUm- 
eeroB  UehorhinuB,  reindeer,  ibex,  marmot,  etc.),  and  resting  on  depoiifti 
containing  a  Lower.  Qaatemary  fauna  (Elepha§  aniiqmuMf  Bkimieir» 
Mereldt  Hippopotamus), 

The  question  as  to  the  specific  identity  of  all  these  remains  of 
Prolagui  from  difbrent  localities  must  be  left  to  future  investigation; 
the  evidence  from  some  of  the  continental  deposits  is  for  the  preaent 
so  scanty  that  it  is  only  just  sufficient  to  ensure  the  generic  dete^ 
mination,  even  that  remaining  stiU  somewhat  doubtful  with  regard 
to  Zo^ostjft  from  the  Nice  deposits. 

From  the  discovery  of  FrolaguB  at  Barcelona,  Dep6ret  inferred 
a  continental  origin  of  the  Oorsican  and  Sardinian  forms.  "II 
est  dte  maintenant  facile  de  suivre  I'^migration  g^ologique  de  ce 
rongeur  depuis  le  Pliocene  de  Perpignan,  en  passant  par  le  Quater- 
naire  ancien  de  Barcelone,  jusqu'au  Quaternaire  recent  de  Corse  et 
Sardaigne."^  It  remains,  however,  to  be  seen  whetber  all  the  insular 
Pleistocene  deposits  containing  the  Prolagus  belong  to  the  upper 
and  all  the  continental  to  tbe  lower  stage  of  that  period.  It  is  also 
to  be  borne  in  mind  that  not  all  of  the  latter  deposits  seem  to  have 
been  continental  in  origin.  AH  of  them,  from  Gibraltar  to  Mentone, 
are  on  or  near  the  seashore;  some  of  the  bone  breccias,  e.g., 
Gibraltar,  Antibes,  Cette,  being  situated  on  promontories,  which 
have  only  recently  become  connected,  or  more  probably  reconnected, 
with  the  adjacent  continent,  and,  as  in  the  case  of  the  more  eastern 
ones,  may  have  been  part  of  Corsica,  or  rather  of  the  '  T^irhenis,' 
to  use  a  term  which  implies  a  larger  area. 

Deperet  assumes  that  the  Prolagua  did  not  exist  in  Corsica  and 
Sardinia  before  recent  Pleistocene  times.  Since  it  existed  at  Casino, 
viz.,  during  a  period  when  Corsica  and  Sardinia,  for  all  we  know, 
were  connected  with  one  or  more  parts  of  Southern  Europe,  there 
18  every  likelihood  that  during  that  period  of  the  maximum  of 
regression  of  the  Mediterranean,  it  likewise  flourished  in  Corsica 
and  Sardinia. 

*  E.  Riviere,  **  Paldoethnologie."     **  De  T Antiquity  de  rHomme  dans  le»  Alpes- 
Haritimes,"  pi.  xvii  (Faune  dcs  grottee  de  Menton),  fig.  10,  Paris  (1878) — 1887. 

'  Marcellin  Boule,  '*  Chronologie  de  la  Grotte  da  Pnnce  pr^  de  Menton  *' :  C.  B. 
Paris,  vol.  cxxxviii,  Xo.  2,  pp.  104-106  (1904). 

•  Op.  cit.,  p.  886. 
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IT.  Bhagamy$  orthodon  (Henael),  Murine  Rodent  from  the  Pleietocene 

of  Sardinia,  Corsica,  and  Tavolara, 

Bhaoamys  orthodon  (Hensel). 

Uut  orthodon,  Hensel,  Zeitschr.  deatach.  geol.  Gee.,  voL  Tiii,  pp.  281-289,  pi.  xiii, 
figs.  6-10  (1866) ;  Forsyth  Major,  Atti  Soc.  Tosc.  Sc.  Nat.,  Proc.  Verb., 
vol.  iv,  pp.  139-145  (1884)  ;  Trouessart,  Cat.  Mammalium,  p.  477 
(1898-99);  Barrett-Hamilton,  Proc.  Zool.  So€.  London,  1900,  pp.  421,  422. 

In  an  appendix  to  his  valuable  paper  ''  On  geographical  and  indi- 
iridual  variation  in  Mu$  eylvatieus  and  its  Allies,''  Major  Barrett- 
Samilton  has  a  note  on  Mus  orlhodout  which  opens  with  the  sentence 
lere  reported  :  '*  In  dealing  with  Mua  aylvaticua,  I  must  allude  also 
x>  Mua  orthodon,  which  is  believed  to  be  very  closely  allied  to  if 
[italics  mine),  *'and  the  skulls  and  teeth  of  which  in  the  British 
Huseum  collection  I  have  examined."  *  From  his  synonymy,  where 
wre  read  "  (aff.  Muri  sylvatico,  fide  C.  I.  Forsyth  Major,  P.-verb. 
3oo.  Tosc,  1888,  p.  129),"  it  results  that  I  am  supposed  to 
[>e  the  believer  in  the  very  close  relation  of  the  fossil  with  Mua 
nflvatieus.  The  writer  assumes  the  easy  task  to  show  from  my  own 
specimens  that  this  very  close  relation  does  not  exist.  The  '*  afif. 
^tiri  sylvatico  .  .  . "  is  taken  from  Trouessart's  Catalogue. 
Neither  of  my  two  friends  has  taken  the  trouble  to  understand  my 
detailed  description  (in  Italian)  of  the  fossil  in  question. 

In  the  original  description  of  Mus  orthodon^  Hensel  had  arrived  at 
the  conclusion  that  his  group  of  the  Ratten  (Mua  decumanua, 
M.  rattua,  M.  musculua)  is  in  some  respects  intermediate  between  the 
fossil  and  his  group  of  the  Mduae  {Mua  aylvaticua,  M.  agrariua, 
M.  minutua)?  With  more  material  at  my  disposal,  I  was  able  to 
show  that  some  of  the  supposed  differences  of  Mua  orthodon  from 
the  group  Mduae  did  not  exist,  so  that,  on  a  comparison  of  the 
fossil  with  the  two  groups  of  European  species  of  Mus,  it  is  with  the 
^oup  comprising  Mua  aylvaticua,  M.  agrariua,  and  if.  minutua  that 
M.  orthodon  has  the  greater  affinities.  It  agrees  with  this  group  in 
the  following  points : — 

(1)  Presence  of  a  postero-internal  cusp  (c"  of  Hensel's  diagram) 
in  the  upper  molars.^ 

(2)  In  mi  having  a  greater  number  of  cusps  than  in  the  group 
Ratten,  in  which  latter  the  odd  anterior  cusp  is  always  missing.^ 

(3)  In  the  pattern  of  the  worn  teeth,  and 

(4)  In  the  number  and  position  of  their  roots  the  fossil  is  likewise 
more  related  to  the  group  M&uae.^ 

The  peculiar  charaot-ers  of  the  fossil  are  clearly  proved  : — 

(1)  From  my  lengthened  description  of  the  pattern  of  the  molars. 

(2)  From  their  hypselodonty.^ 

>  Op.  cit.,  p.  421. 
2  Op.  cit.,  p.  289. 
'  Op.  cit.,  p.  44. 

*  Ibid. 

*  Op.  cit.,  pp.  44,  45. 

*  Op.  cit.,  p.  145. 
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(8)  From  the  peculiar  thickness  of  the  enamel  layer.^ 

(4)  From   the    more  vertical  position  of  the  molar  tnberoles, 

whence  the  specific  name  given  by  Hensel.' 

I  am,  and  have  always  been,  so  much  impressed  with  the  importanoe 

to  be  attached  to  these  peculiar  characters  of  the  fossil  species,  that 

I  deem  it  necessary  to  raise  it  to  generic  rank. 

III.    The  Vole  from  the  Pleistocene  of  Sardinia,  Corsica,  and 

Tavolara. 

Arvioola  (Ttrbhenioola)  Hknseli,  Maj. 

*^  Campagnol  de  Cette,  de  Corse  et  de  Sardaigne/'  p.p.  CuTier,  Oss.  foss.,  vol.  iv, 
pp.  202,  205,  225,  pi.  xiv,  fiff.  7 ;  d1.  iv,  fig.  29 ;  vol.  v,  pt.  1,  p.  54  (1823). 

Hypudteus  breceienaisy  p.p.  Giebel,  Iiauna  aer  Vorwelt,  vol.  i,  p.  88  (1847). 

Arvxeola  ambiguusy  Hensel,  Zeitschr.  deutsch.  geol.  Gee.,  voL  vii,  p.  469,  pi.  xx^i 
figs.  3,  8,  9  (1855). 

Arvicola  Hemeli,  Forsyth  Major,  ^tti  Soc.  Tosc.  Sc.  Nat.,  Proc.  Verb.,  vol.  iii, 

J^ss. 
Stefani, 

vol.  xiv,  p.  11  (of  author's  copy)  (1891). 
**  Arvicola  groupe  d'amphibitu,*^  Deperet,  Ann.  Soc.  Linn.  Lyon,  vol.  xliv,  p.  122 
(1897). 

Cuvier  was  of  opinion  that  the  voles  occurring  in  the  breccias  of 
Gette,  Corsica,  and  Sardinia  are  all  of  one  species;  hence  the 
specific  name  Arvicola  brecciensis  given  to  them  by  Giebel.  Hensel 
proposed  for  the  vole  from  Bonaria  (Sardinia)  the  name  A,  ambiguus, 
which  is  preoccupied  by  Pomel's  A,  amhiguus  {^  Dierostonyx 
torquatus).  From  a  comparison  of  the  figure  of  the  Cette  vole 
in  the  *' Ossements  fossiles"  (pi.  xiv,  fig.  25)  with  my  specimens 
from  Toga  (Corsica)  and  Sardinian  localities,  I  inferred  the  dis- 
tinctness of  the  continental  form  from  that  of  the  islands.  The 
former  being  the  first  described  (by  Cuvier),  the  name  brecciensis 
remains  for  the  vole  from  Cette.  Having  since  had,  through 
Professor  Boule's  courtesy,  the  opportunity  of  examining  the  original 
of  Cuvier's  figure  of  the  teeth  from  Cette,  I  was  able  to  confirm  the 
distinctness  of  the  continental  from  the  insular  species.  The  former 
appears  to  be  identical  with  some  jaws  which  I  have  worked  out  of 
the  Gibraltar  breccia,  and  belongs  to  the  subgenus  Ificrotus, 

The  lower  anterior  molar  (mi)  of  the  insular  fossil  vole  has  not 
more  than  three  closed  triangles,^  a  character  which  at  once  excludes 
the  genus  MicroiuSf  in  the  restricted  sense  in  which  I  have  recently 
used  this  generic  term,  and  places  it  within  the  genus  Arvicola. 

The  complication  of  the  anterior  loop  in  the  Wi  of  the  fossil,  and 
the  confluence  of  the  two  anterior  triangles  of  m„  both  of  which 
characters  are  features  of  the  subgenus  Pitymys,  show  that  the  fossil 
is  more  closely  allied   to   Pitymys  than  to  the  subgenus  Arvicoln 

1  Ibid. 

2  Ibid. 

^  I  have  found  it  convenient,  in  describing;  the  molar  t^eth  of  voles,  to  adopt  some 
terras  used  by  American  zooloprists,  for  which  see  Gerrit  S.  Miller,  jun.,  **Geneni 
and  Subj^enera  of  Voles  and  Lemmings,"  North  American  Fauna,  No.  TJ, 
Washington,  1896. 
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i^A.  ierretiris,  A.  amphibine,  etc.).  There  is  a  farther  agreement  of 
A,  HenuiU  with  several  members  of  the  sabgenas  Pitymy$,  as  at 
•present  understood,  in  some  cranial  characters.  The  sknll  is 
arched  longitudinally,  with  backward  shelving  of  the  occipital ;  it 
is  throughout  rather  high,   but  especially   so   the    snbcylindrioal 


m^  nij  mi 

Arvicola  (Tyrrhenieola)  Hmtelif  Maj. 

From   the   ossiferous   breccia  of   S.   OioTanneddu   n.   Iglesias   (S.W.   Sardinia). 

Upper  view  of  the  left  lower  molars  (enlarged,  x  8). 

p,  posterior  transrerse  loop ;  e.t,  closed  triangles ;  a.  anterior  loop. 

brain-oase.  Tbe  group  of  recent  species  of  Pitymiji,  which  agree 
with  the  fossil  in  these  characters,  are  represented  by  Arvicola 
ineertuB,  Qerbe  nee  Selys  (South-eastern  France),  A.  ibericus,  Gerbe 
(Spain),  A.  lusitanieus,  Gerbe  (Portugal),  A.  nebrodemia,  Mina- 
Palurabo  (Sicily),  a  new  species  from  the  province  of  Lecce  (South- 
eastern Italy),  A.  Thomaiif  Barr.-Ham.  (Montenegro),  and  a  new 
species  {A.  Savii,  Winge  nee  Selys)  from  Greece. 

A.  HenseU  has,  however,  several  cranial  and  dental  characters  of 
its  own  which  have  induced  me  to  place  it  in  a  separate  subgenus 
(Tprhenicola).  The  nasals  slope  away  anteriorly,  more  than  in  any 
other  known  species;  they  are  also  much  longer.  The  whole  of 
the  anterior  facial  portion  of  the  skull  is  remarkably  elongate,  and 
comparatively  narrow ;  accordingly  the  foramina  incisiva,  which  are 
.provided  with  sharp  margins,  are  remarkable  for  their  length. 
The  superciliary  ridges  unite  in  the  middle  line  to  form  a  sharp 
longitudinal  crest  In  the  posterior  basal  portion  of  the  skull  the 
bones  are  crowded  together,  the  mesopterygoid  fossa  is  short  and 
rather  narrow,  the  posterior  palatal  fosses  very  deep.  The  tympanal 
bullae  are  comparatively  small.  Some  of  the  preceding  characters 
had  already  been  pointed  out  by  Cuvier,^  as  well  as  by  Uensel,'  who 
'both  had  fragmentary  crania  from  Sardinia  at  their  disposal. 

The  incisors,  as  well  as  the  molars,  are  weak  when  compared  with 
the  size  of  the  skull. 

All  the  molars  are  rootless  throughout  life.  A  peculiar  feature  of 
the  molars,  in  which  they  approach  the  voles  of  the  Upper  Pliocene 
{KimomyB),  which,  however,  are  rooted,  consists  in  the  dentine 
fipaoes  being  more  or  less  confluent  with  each  other,  so  that,  strictly 
speaking,  there  are  no  absolutely  closed  triangles.  This  character 
has  been  much  exaggerated  in  the  figures  of  the  vole  from  Sardinia 
published  by  Hensel,''  more  especially  in  the  two  anterior  lower 
molars.     It  is  a  general  feature  of  the  molars  of  all  young  voles. 


»  Op.  cit.,  p.  205. 

2  Op.  cit.,  pp.  471,  472,  475. 

'  Op.  cit.,  pi.  XXV,  figs.  3a,  b. 
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The  following  dimensions  in  millimetres  are  taken  from  Bpeoimeui 
collected  by  myself  in  the  ossiferous  breccia  of  Monte  San  GiovanDir 
near  Iglesias  (South-west  Sardinia). 

Cranium        Imperf .  cranium  Mandilxilir  rani 
(B.M.  M.  8156).  (B.M.M.3488).  (B.M.  M.  348Si. 

Baailar  length 

Length  of  nasalin 

Length  of  foramina  incisiva 

Length  of  diastema 

Fronto -palatal  height  above  mz 

The  same,  including  the  tooth... 

Length  of  upper  molar  series   . . . 

Length  of  lower  molar  series    . . . 

In  five  upper  jaws  (M.  3488c,  d,  e,  f,  and  q)  the  length  of  the 
upper  molar  series  is  respectively  6*9,  6*8,  6*5,  6*5,  7-1.  In 
nineteen  upper  jaws  remaining  in  my  hands,  the  length  of  the  upper 
molar  series  varies  from  6*3  to  7*3.  These  two  extremes  are 
represented  by  only  one  specimen  each.  The  remaining  seventeen 
have  the  following  dimensions: — ^Three,  6*4:;  three,  6"o;  three,  66; 
five,  6*7 ;  one,  6*8 ;  two,  7. 


27 

10-5 

— 

7-1 

7-4 

10-1 

10 

11-7 

11-9 

12-2 

7-2 

6-9 

h 

i       \i 

— 

7-2 

6-8   e-'i 

VL — The  occurrence  of  Anthracomya  Thillipsi  in  the  Durham 

Coalfield. 

By  John  T.  Stobbs,  F.G.S. 

rilHIS  important  Coal-measure  zonal  Lamellihranch  has  already 
X.  been  recorded  from  the  Yorkshire  and  Nottingham  Coalfield 
(Cadeby  and  Gedlin^  Colliery  respectively),  the  Lancashire  C(»al- 
tield  (Ardwick,  Manchester),  the  North  Staftordshire  CoalfieM 
generally,  the  Forest  of  Dean  and  Bristol  Coalfields,  the  South 
Wales  Coalfield  ;  and  in  all  these  widely  separated  districts  it  is 
found  at  the  top  of  that  portion  of  the  Coal-measures  characterised 
by  the  presence  of  the  most  valuable  seams  of  coal. 

In  North  Staflbrdshire  Anthracomya  Fhillipsi,  atone  part  of  its  zone, 
is  associated  with  Carhonicola  viuti,  and  this  horizon  has  been  widely 
traced.*  Now,  Carbouicola  rui/i  was  first  recorded  by  J.  W.  Kirkby 
from  the  Coal-measures  near  Hylton  in  the  county  of  Durham, 
under  the  name  of  Ancylus  vinii,'^  and  being  familiar  with  the 
occurrence  of  these  two  forms  in  North  Staflfordshire  the  writer  felt 
that  the  llyltou  section  should  be  specially  searched  ior  Anthracomya 
Phillipsi.  Accordingly,  on  25th  August  last  an  opportunity  was 
afiorded  him  of  visiting  Kirkby 's  section,  which  he  experienced  no 
difliculty  in  recognising  from  Kirkby's  description.  The  locality 
now  threatens  to  attract  a  denser  population,  and  it  may  be  wise  to 
give  the  position  of  the  exposure  with  greater  precision.  It  occurs 
on  the  left  bank  of  the  River  Wear  (lat.  54^  do'  5"  N.  ;  long. 
P  25'  50"  W.),  and  is  marked  on  the  Geological  Survey  maps  by 
a  fault.  It  is  true  that  the  Coal-measures  abut  against  the  Permian 
yellow  sands  as  sketched  by  Kirkby  in  the  paper  referred  to,  but 

^  "Wlicelton  JIiiul:  Quart.  Joiini.  Geol.  S<»c.,  vol.  Iv,  pp.  367-8. 

2  James  W.  Kirkby  :  Traus.  Tynesido  Xat.  Field  Club,  vol.  vi,  pp.  220-22.3. 
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there  was  not  enough  evidence  at  the  section  to  determine  whether 
this  juxtaposition  of  Permians  and  Coal-measures  represents  a  post- 
Permian  fault  or  simply  a  steep  hank-side  of  eroded  Coal-measures 
against  which  the  Permian  Yellow  Sands  were  deposited.  The 
colliery  workings,  however,  should  definitely  settle  the  matter. 
The  following  is  the  section  of  Coal-measures  at  this  point : — 

ft.  in. 

Grev  laminated  shale  

Dark  shales  with  nodular  bands  of  ironstone  {A.  Phillipsi, 

C  viWt,  etc.) 3    0 

Grey  gritty  shale       ...        ...        ...        ...        ...        ...     1     6 

^'A  *v    •••       •••       •••       ••«       •••       •••       •••       •••    V    v 

Laminated  arenaceous  shale  2    0  + 

Eirkby  gave  the  position  of  these  beds  as  not  much  more  than 
fifty  or  sixty  feet  from  the  top  of  the  Coal-measures,  but  this  datum- 
line  is  a  very  uncertain  one,  owing  to  the  pre-Permiau  denudation 
of  the  Coal-measures  in  the  great  Northern  Coalfield.  The  most 
satisfactory  method  is  to  fix  the  horizon  with  respect  to  one  of  the 
well-known  coal-seams  of  the  Durham  Coalfield,  and  the  writer  is 
indebted  to  Mr.  Mark  Ford,  of  Washington  Collieries,  who  is 
familiar  with  the  ground  in  question,  for  the  information  that  the 
Hntton  seam  lies  almost  flat  at  a  depth  of  about  1,700  feet  in  this 
locality.  The  measures  are  at  the  surface,  almost  at  the  deepest  part 
of  the  coal-basin. 

From  the  ironstone  bands  the  writer  collected  : — 

Anthracomya  Phillipsi  (Will.).    Abundant. 
*Carbonicola  vinti  (Kirkby).     Abundant. 
*Beyr'iehia  aratatOy  Salt.     Not  common. 

Carbonia  sp.     Not  common. 

Spirorbia  sp.    Not  common. 
^Neuroptens  gigantea^  Stemb.     Not  rare. 

Those  marked  with  an  asterisk  were  recorded  by  Eirkby,  together 
^th  Diplodua  gibbosus,  Ag.,  and  other  fish-remains.  In  addition 
he  mentions  Anthracomya  acuta.  Dr.  Wheelton  Hind,  however,  is 
unacquainted  with  this  species,  and  very  curiously,  after  talking  the 
matter  over  with  Mr.  John  Ward,  F.G.S.,  that  gentleman  showed  the 
vrriter  a  specimen  of  the  ironstone  containing  C.  mn^t  given  to  him  by 
Kirkby,  and  on  the  outside  of  the  nodule,  hitherto  unrecognised,  were 
numerous  individuals  of  A,  Fhillipsi,  lliere  is  no  doubt,  therefore, 
that  Kirkby's  A.  acuta  should  have  been  referred  to  A.  JPhillipsi, 

The  interest  of  the  discovery  lies  in  the  proof  of  the  existence  of 
the  Fhillipsi-zone  near  the  top  of  the  Coal-measures  in  the  Durham 
Coalfield,  and,  so  far  as  we  may  legitimately  infer  from  the  character 
of  the  immediately-overlying  measures  in  other  coalfields,  that  in 
all  probability  the  pre-Permian  denudation  did  not  remove  much 
of  the  Coal-measures  that  are  of  special  commercial  value,  but,  on 
the  other  hand,  it  has  rendered  the  excellent  coal-seams  of  that 
district  much  more  accessible.  The  writer  desires  to  thank 
Dr.  Wheelton  Hind  for  verifying  the  naming  of  the  Lamellibranchs 
mentioned  in  this  note ;  this  discovery  is  the  natural  outcome  and 
verification  of  principles  laid  down  by  him. 


SOS    uL  JT.  Omiii^nmfimif'^Bmiiit  M6trtm  Olbyt*^  CXqflNk 
TIL— BioasT  Majuxm  Otkn  ax  EiKnmuu^  CtaiiMu 

Bf  AaiSA4  K.  OooiiimASwiicT,   B.8e.,  FX.t.,   F^«8.,   Bfrate  if  li 

Mimnioginl  SuTfly  ol  Otfioi. 

KnOHATELLI  is  twenfy-hro  sulet  aorfh  of  Trinoomthi  «  ttft 
east  ooast  of  Ceylon.  Two  milee  eoath  of  Kn^velili  it  ttt 
month  of  tiie  Sali^  arn.  On  the  right  bank  of  thia  sivoiv  aaar  dis 
month,  raised  beaoh,  oonaiatang  of  shelly  sandat«ia»  la  ei^osei 
The  SMidstone  is  often  full  of  marine  aheils,  wd  Hmn  ato  also  thick 

Kwtha  of  oysters  attached  to  npstandiog  maarmB  of  took.  Tb 
i  is  from  6  inohes  to  2  feet  in  thiokness»  and  ia  amoaai  aboit 
Ifoot  above  high-water  mark,  and  stretehea  down  die mofbut  haak 
between  tide-marks.  This  ia  the  ordinary  raised  beach  oi  fxgftoBb 
a  depoait  nsoally  oooorring  at  or  below  high-water  mark,  woA  wow 
being  oontinnally  eroded  at  nnmerons  P^ts  on  the  ooa«l  <d  Ctafka 
where  it  ia  exposed  (e.g.  Bentota).  Thia  depoait  wfU  nol  now  bi 
farther  spoken  o£ 

The  Salape  am  is  reallv  the  name  of  the  estnaiyirf  aevetal  rlnvs; 
prooeeding  up  the  river  mland,  the  Hatti  am  is  rsadied,  a  ahaDow 
river  with  allnvial  banks  eig^t  or  ten  feet  above  the  watmr  on  eMMff 
side.  Extensive  sandbanks  are  found  on  one  side  or  the  odbar  ol 
the  river,  alternating  on  the  meanders  with  plaoea  when  eroaion  il 
in  piogppess.  These  banks  are  oovered  with  marine  ahdhy  die  laige 
flat  Plaoanas  being  most  common.  There  are  also  foimd  daysy 
nodules  including  marine  shells,  orabs,  and  it  is  said  sometimes 
tortoises  and  fishes.  The  crabs  are  collected  for  use  as  medicine^ 
being  powdered  and  mixed  with  milk  or  water  as  a  specific  for 
diabetes.  The  orabs  fetch  from  25  cents  to  a  rupee  each,  according 
to  size. 

The  shell-covered  sandbanks  continue  for  some  distance.  The 
crab  bed  and  source  of  the  marine  shells  was  detected  fa  9M  aboat 
a  mile  and  a  half  from  the  mouth  of  the  river  and  not  far  from  a  bill 
called  Nachohiyar  Malai.  The  bed  is  exposed  in  the  river  bank, 
and  the  section  is  roughly — 

ft.  ins. 

1.  Soil  and  aUuvium        ...  9    0 

2.  Crab  bed— clay  full  of  marine  shells,  nodules,  etc. ; 

in  parts  sandy         2    6 

3.  ?  More  sandy  beds  underlying  the  clay. 

Nearly  all  the  shells  common  on  the  sandbanks,  as  well  as  a  crab 
nodule,  were  found  in  aM.  The  top  of  the  fossiliferous  clay  ii 
probably  about  one  foot  or  less  above  sea-level,  and  the  fossils  occur 
chiefly  in  the  lower  part  and  have  to  be  dug  out  from  below  water- 
level.  Beside  the  shells,  eta,  small  pieces  of  wood  are  common  in 
the  clay,  and  crystals  of  selenite  also  occur.  It  is  simply  crowded 
with  the  fiat  Placunas  (?). 

In  the  Colombo  Museum  are  a  number  of  fossils  from  Palantiar, 
the  exact  situation  of  which  I  am  uncertain.  The  craba  are  also 
said  to  be  found  at  Mullaitivu,  on  the  ooast  north  of  KnohavellL 
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The  bed  can  hardly  be  degoribed  as  ordinary  raised  beaob,  but 
oocurs  at  the  same  level  as  the  usual  sandy  raised  beach,  which  it 
appears  to  replace  rather  than  to  over-  or  underlie. 

^%  "We  subjoin  a  note  on  Mr.  Coom&raHw&my's  fowils,  which  hare  been  meet 
kindly  examined  by  Mr.  B.  Bullen  Newton,  F.O.S. — Edit.  Gbol.  Mao. 


Vm. — Note  on  some  Post  -  Tertiary  Mollusc  a  from  Ceylon. 
By  E.  BcTLLBX  NswTox,  F.G.S.,  of  the  British  Museum  (Natural  Ilwtor)'). 

SOME  marine  shells,  associated  with  crab-remains,^  Balani,  and 
small  thread-like  annelid  tubes,  from  the  Post-Pliocene  deposits 
of  north-eastern  Ceylon,  have  been  entrusted  to  me  for  determination 
by  Dr.  H.  Woodward,  F.R.S.  They  were  collected  by  Mr.  A.  K. 
Coomaraswamy,  B.Sc,  Director  of  the  Mineralogical  Survey  of 
Ceylon,  and  his  description  of  the  deposits  containing  the  fossils 
forms  the  preface  of  this  communication.  Lithologically  it  is 
obiervable  that  there  are  two  sets  of  specimens — those  that  occur 
in  hard,  water- worn  nodules  of  clay,  and  others  that  were  obtained 
from  soft,  dark,  clayey  beds  found  in  sitH,  The  fossils  found  in 
the  clayey  material  may  perhaps  be  rather  older  than  those  found 
in  the  nodules,  but  as  two  of  the  shells  are  common  to  each,  viz. 
Plaeuna  flacenta  and  Fotamides  Jluviatilia,  it  is  certain  that  no  great 
distinction  in  age  is  to  be  recognised. 

An  examination  of  the  species  represented  in  the  collection  goes 
to  prove  that  they  belong  to  the  existing  fauna  of  the  Indian  Ocean, 
being  similar  to  the  life  which  is  found  in  tiie  creekH  and  back-waters 
of  that  sea,  and  consequently  bearing  a  littoral  or  an  estuarine  facies. 

It  is  interesting  to  know  of  the  presence  of  corresponding  Post- 
Tertiary  deposits  crowded  with  shells  forming  the  coastal  areas 
of  the  Madras  Presidency  of  India,  particularly  at  Pondicherry, 
Cuddalore,  Tangore,  etc.,  for  the  history  of  which  we  are  mainly 
indebted  to  the  late  Mr.  H.  F.  Blanford  (Mem.  Geol.  Surv.  India, 
1862,  vol.  iv,  pt.  I,  pp.  192, 193).  So  numerous  are  the  mollusca  of 
these  beds  that  they  are  utilised  by  the  natives  for  the  manufacture 
of  lime.  From  lists  given  by  Mr.  Blanford  it  is  ascertained  that 
these  mainland  deposits  contain  molluscan  species  identical  with 
those  found  in  Ceylon  by  Mr.  Coomaraswamy,  a  fact  which  not 
only  suggests  a  similarity  of  age,  but  also  proves  that  the  separation 
of  Ceylon  as  an  island  can  be  referred  to  a  very  modern  epoch  of 
geological  history. 

The  following  is  a  list  of  shells  found  in  the  Post-Pliocene  beds 

*  The  small,  nearly  perfect  crab  has  been  determined  by  Dr.  n.  Woodward  a«» 
Maerophthalmw  LatrtilUi  (Desmarest),  the  *  Medicine  Crab'  of  the  Chinese 
pharmacopoBia  fsee  Daniel  Hanbury,  '*  Notes  on  Chinese  Materia  Medica,"  Pharma- 
ceutical  Journal  and  Tmns.,  July  and  August,  1860,  and  Februar}'  1862,  published 
separately  by  the  author,  Feoruary,  1862,  Plough  Court,  Lombara  Street, 
£.C.) ;  and  the  chelate  pincer  as  belon^ng  to  Scylla  serrata,  De  Ilaan,  the 
great  Indian  swimming  crab.  M.  Zatreillei  is  also  found  in  the  Poet-Tertiary 
clays  of  southern  China  (Island  of  Hainan),  and  S.  terrata  has  been  reported  from 
similar  beds  in  the  Philippine  Islands. 
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of  Ceylon  and  their  ooourrenoe  in  the  Madras  deposits.  Thew 
determinations  have  been  made  with  the  kind  assistance  of 
Mr.  Edgar  A.  Smith,  I.S.O.  It  is  satisfactory  to  note  also  that 
the  speoimoDS  have  been  presented  to  the  Geological  Department  of 
the  British  Maseum  by  the  collector,  A.  E.  Goomaraswamy,  Esq., 
B.Sc,  etc. 


♦Gastropoda. 


Teleacopium  teleseopium  (LinnsDUs) 
Fotamidesjlnvxaiilifiy  Potieii  &  Hichaud 

P*/rpMra  carifii/ifra,  Lamarck 

JVoMrt  oma^a,  Kiener      

Melongena  pugilina  (Bom) 
Natica  sp. 


Lamellibranchia. 


Scapharca  rhombea  (Born) 
Arcasi^.   ... 

Piacuna  placenta  (Linnucus) 
Tapes  mldulata  (Born)     ... 
Tapes  textrix  ( Chemnitz) 
Diplodonta  cf.  oblonga,  Hanley  ... 

Tellina^^.  

Dosinia  sahbrom^  'RoemetT 

Chione  allied  to  imbricata  (Sowerby) 


Madras. 


X 
X 
X 


X 
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1. — The  Geology  of  Cyprus.^  By  C.  V.  Bellasiy,  M.I.C.E., 
F.G.S.,  late  Director  of  Public  Works  in  Cyprus,  and  A.  J. 
Jukes-Browne,  B.A.,  F.G.S.,  late  of  the  Geological  Survey  of 
Great  Britain. 

IN  the  beginning  of  the  present  year,  1905,  a  geological  map  and 
letterpress  key  of  the  Island  of  Cyprus,  compiled  by  Mr.  C.  V. 
Bellamy,  late  Director  of  Public  Works,  was  published  by  Edward 
Stanford.-  This  was  almost  entirely  the  result  of  work  done  in  the 
field,  and  has  now  been  followed  by  a  more  detailed  and  com- 
preheusive  treatise  on  the  same  subject  with  Mr.  A.  J.  Jukea-Brownd 
as  joint  author.  It  could  have  been  wished  that  both  had  appeared 
simultaneously  to  form  one  harmonious  work,  the  several  parts 
forming  the  con»plement  of  the  other,  in  which  case  the  few 
discrepancies  and  alterations  which  now  exist  would  have  been 
obviated.  One  of  the  most  important  additions  in  the  newer  work, 
and  included  in  the  sketch-map  which  forms  its  frontispiece,  is  the 
recording  of  an  outcrop  of  a  bed  of  later  Pliocene  age  situated  west 

^  Plymouth,  W.  Breudon  &  Son,  Ltd.,   1905,  and  read  before  the   Geological 
^Society,  4th  January,  190.3. 
2  See  notice  in  G'eol.  ^l\o.,^Wid\,  l^iQ^^'^^^,  117-126. 
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<A  Mjrtou  in  the  Eerjnia  Distriot.  It  is  of  considerable  extent,  and 
has  yielded  specimens  of  Ostrea  eoehlear,  obtained  by  Mr.  NicoUs, 
besides  large  numbers  of  Forarainifera,  of  which  a  list  of  186  species 
identified  by  Mr.  F.  W.  Millett  is  given  in  Appendix  iii. 

Although  several  memoirs,  including  an  interesting  account  of 
the  Lamaka  Salt  Lake  by  Mr.  Bellamy,  have  appeared  since 
Professor  Gaudry's  important  work,^  the  two  publications  mentioned 
above  form  the  first  comprehensive  treatise  on  the  geology  of  the 
whole  island  published  since  the  completion  of  the  Trigonometrical 
Survey  in  1882,  and  the  authors  are  to  be  congratulated  on  the 
manner  in  which  this  has  been  performed.  Mr.  Jukes-Browne  has 
not  visited  Cyprus,  but,  besides  being  jointly  responsible  for  most 
of  the  opinions  expressed,  he  has  contributed  ''all  the  descriptions 
of  the  lithological  composition  and  microscopical  structure  of  rocks, 
as  well  as  comments  on  the  fossils  and  inferences  as  to  the  relative 
age  of  the  several  rock  groups."  On  the  other  hand,  Mr.  Bellamy 
has  had  five  years  experience  of  the  island,  almost  every  corner  of 
which  he  appears  to  have  visited,  and  it  must  be  mentioned  that  it 
was  entirely  due  to  his  own  individual  enterprise  that  these  geological 
labours  were  undertaken  and  brought  to  so  successful  an  issue. 

Boughly  speaking,  Cyprus  may  be  said  to  be  made  up  of  a  central 
mass  of  igneous  mountains,  the  Northern  or  Kerynia  Range  of  lime- 
stone hills  bordered  on  either  side  by  the  '  Hummocks '  (Kythrasan 
Series),  the  generally  hilly,  white  chalky  country  (Idalian  Series), 
and  the  later  deposits  of  which  the  Messaoria  and  coastline  are 
chiefly  composed.  The  descriptions  of  these  various  formations  and 
their  subdivisions  and  the  recording  of  a  number  of  outliers  in 
different  parts  of  the  island  give  evidence  throughout  of  the  immense 
care  and  continual  close  observation  which  have  been  brought  to  bear 
on  the  subject.  At  the  same  time  the  work  is  by  no  means  over- 
elaborated,  nor  does  it  contain  unnecessary  repetition  of  matters 
already  fully  entered  into  in  more  specialised  memoirs ;  rather  it  is 
a  comprehensive  and  concise  summary  of  our  knowledge  up  to  date 
of  the  subject,  which  has  been  verified  and  corrected  at  first  hand 
and  further  largely  added  to. 

In  connection  with  the  alluvial  plains  some  interesting  and 
suggestive  facts  are  given  with  regard  to  the  raising  of  the  general 
level  of  the  Messaoria  by  means  of  the  silt  brought  down  by  the 
streams  and  rivers  from  the  mountains  by  which  it  is  bordered  in 
two  directions.  After  the  mention  of  several  phenomena  which 
help  to  prove  this,  we  read  (p.  49)  that  ''  This  would  yield  as 
a  mean  rate  of  elevation  of  the  surrounding  country  of,  say,  one  foot 
in  a  handred  years."  It  is  seemingly  owing  to  this,  in  conjunction 
with  the  formation  of  sand-bars,  that  the  eastern  portion  of  the 
Messaoria  has  become  the  fertile  corn  land  that  it  now  is  instead 
of  remaining  an  inland  extension  of  the  Bay  of  Famagusta.  That 
there  have  been  analogous,  though  less  extensive,  alterations  in 
other  parts  of  the  coastline  during  comparatively  recent  times,  is 

»  Published  in  1862. 
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suggested,  we  are  told  (p.  51),  by  a  map  published  in  1579,in  whid> 
several  examples  of  these  changes  are  indicated. 

From  earliest  historical  times  Cyprus  has  known  a  oontinaal 
change  of  ruler,  owner,  and  occupier,  and  during  its  geological 
past  it  has  been  no  less  the  scene  of  many  and  varied  changM. 
In  chapter  viii  we  are  given  an  interesting  summary  of  tbe 
physical  history  of  the  island  with  maps  showing  the  different 
aspects  of  Cyprus  during  two  previous  epochs.  Its  former  con- 
nection with  the  mainland  via  the  Earpas  and  the  present  Golf  of 
Iskanderun  seems  to  be  a  fairly  established  fact. 

One  of  the  chief  drawbacks  to  commercial  enterprise  on  any  large 
scale  is  the  possible  insecurity  felt  on  account  of  Cyprus  being  in 
point  of  fact  still  a  portion  of  the  Ottoman  Empire.      However, 
setting  this  aside,  we  find  as  a  result  of  scientific  investigation 
that  there  is  not  the  amount  of  inducement  that  might  have  been 
expected   from    the   island's   former   reputation   for   great  minenJ 
wealth.      The  copper,  which  was  worked  by  the  Phoenicians  and 
probably  also  by  the  Romans,  does  not  appear  to  have  been  re- 
discovered in  any  great  amount.     A  few  other  minerals  occur,  bat 
apparently  only  in  small  quantities.     In  the  chapter  (ix,  pp.  57-66) 
devoted  to  the  economics  of  the  island  is  refuted  an  error,  formerly 
supported  by  no  less  an  authority  than  M.  Gaudry,  to  the  effect  that 
Cyprus  was  devoid  of  marble.     In  fact,  we  read  on  p.  57  that  "  It 
is   now  placed   beyond  all  doubt  that  the  beds  of  marble  are  of 
great  extent,  and  the  varieties  numerous  and  frequently  beautiful." 
Further,  a  number  of  specimens  were  sent  to  a  sculptor  and  expert  in 
marble,  whose  verdict  proclaimed  them  to  be  of  excellent  quality, 
one  ])eing   ''equal   to   the  best  Parian  marble."     We  believe  that 
this  discovery  is  entirc^ly  due  to  Mr.  Bellamy.     These  marbles  are 
all  found  in  the  Trypanian  Kocks,  which  are  almost  entirely  con- 
fined to  the  Kerynia  Ranpje,  which  also  produces  lime  of  a  very  fine 
description.     From  the  Idalian  Series  alabaster  is  obtained  and  also 
gypsum,  which  is  exported  in  considerable  quantity.     Building  and 
paving-stone  of  various  qualities  occur  in  many  parts  of  the  island, 
the  best  being  supplied  by  the  shelly  limestones  of  the  Pliocene  and 
Pleistocene  beds.     It  was  perhaps  considered  to  be  beyond  the  scope 
of  this  work,  but  at  any  rate  we  are  not  told  whether  these  marbles, 
or  any  other  of  the  mineral  products,  are  likely  to  become  of  any 
very  great  commercial  importance  to  the  island  in  the  future. 

The  transliteration  of  Greek  into  English  is  frequently  a  stumbling- 
block,  and  in  this  case  it  could  be  wished  that  there  were  a  little 
more  uniformity  in  the  spelling  of  place-names,  which  frequently  does 
not  agree  in  the  map  and  its  key  with  that  in  the  work  under  dis- 
cussion, and  does  not  even  always  correspond  in  the  one  publication. 
This  is  apt  to  give  a  suggestion  of  carelessness  to  be  deprecated  in 
a  scientific  work.  However,  this  is  a  small  matter  and  can  hardly 
detract  from  the  usefulness  of  this  valuable  and  much  needed  work 
on  the  geology  of  Cyprus.  D.  M.  A.  B. 
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II.  —  ExTiHOT  Ahikals.  By  E.  Ray  Lamkbbtbr,  M.A.,  LL.D., 
F.R.S.,  Direotor  of  the  Natural  History  Departmeot,  British 
Museam.  8vo;  pp.  xxiv  and  332,  with  216  illDatisdona. 
(London :  Archibald  Constable  &  Co.,  Ltd.     Prioe  7a.  &d.  net.) 

IT  is  a  fortunate  oiroumstanoe  that  the  lectures  delivered  at  the 
Royal  InatitutioD  orally,  with  l&ntem  illustralions,  last  Christmas, 
by  Proreesor  Ray  Lankester,  should,  before  another  Ohriatoias  has 
yet  arrived,  be  printed  as  a  book,  not  only  admirably  suited  to  boys 
and  girls,  but  for  men  and  women  also,  with  an  abundant  amount  of 
ijluatrationa  in  the  text  oaloulated  to  make  it  most  attractive  to  the 
general  rea-ler. 

Everyone  will  reoolleot  the  droll  creatures  eo  cleverly  invented 
by  Tennial  for  ■'  Alice  in  Wonderland,"  and  one  cannot  help  feeling 
that  with  many  of  Professor  Lankester's  monsters  the  children  of 
to-day  will  be  equally  delif^hted.  What,  for  instance,  oould  be 
more  quaint  than  the  probable  appearance  of  Iguanodon  (p.  196), 
or  the  dear  little  AninaiikerivMi  (p.  163).  Nor  is  the  long-jawed 
Mastodon  (Teirahelodov)  without  a  certain  oomic  Chriatmas  aspect 
(p.  119).  The  artist  haa,  by  accident,  put  the  prehensile  tip  of  the 
animal's  proboacia  iafow,  inatead  of  above,  the  nasal  aperture,  but  this 
ifl  the  only  serious  slip  we  have  notioed,  and  for  a  picture-book  of 
extinct  anitnale  it  is  the  best  of  its  kind  we  have  ever  seen.  The 
book,  however,  is  much  more  than  a  book  of  pictures ;  it  is  full  of 
information  presented  in  an  agreeable  form  for  the  non -scientific 
public,  and  is  very  much  up  to  date.  The  only  new  animal  which 
(»me  over  from  America  too  late  to  find  a  place  in  ila  pages  is 
Hr.  Carnegie's  Diplodoeut,  which  one  muKt  go  to  the  British  Museum 


Piofeeaor  Lankester,  among  many  other  attractions,  introduces 
hia  andienoe  to  a  fascinating  skull  of  an  extinct  monster  which  he 
remembered  to  have  seen  in  his  own  youthful  days  in  the  Niitural 
History  Museum,  "then  in  a  remote  part  of  London  ca]l<<d  Blooms- 
bury,  but  now  in  Cromwell  Road,  Kensington.  It  is  the  head  of 
an  lehthyoiaurua  dug  out  of  the  rock  in  the  Sontli  of  England,  at 
Lyme  Regis,  many  years  ago.     The  eye  is  peculiarly  well-preserved. 
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The  circle  of  bony  plates,  eimilar  to  those  found  in  the  eyes  of  bMtt 
gives  an  expression  of  interest  which  few  fossils  can  boast  of*  (p.  6). 

The  author  tells  of  the  '  Mammoth '  whose  skeleton  was  found 
in  frozen  soil  in  Siberia,  by  Adams,  a  century  ago»  now  in  the 
St.  Petersburg  Museum,  upon  whose  bones,  when  first  discoTered, 
the  flesh  and  skin  were  still  preserved,  but  much  of  the  soft  parts 
had  been  devoured  by  the  wolves,  foxes,  and  other  animals,  who 
feasted  on  preserved  meat  for  weeks,  before  the  skeleton  (with  what 
little  remained  of  the  soft  parts)  was  transported  from  the  banks  of 
the  Lena  to  St.  Petersburg. 

But  the  latest  discovery  of  a  Siberian  Mammoth  was  made  in 
1901,  in  the  province  of  Jakutsk,  where  an  entire  skeleton  of 
Elephas  pi'imigeniuSy  clothed  in  flesh,  hair,  and  hide,  was  unearthed 
on  the  banks  of  the  Beresowka,  a  tributary  of  the  Kolyma,  and  was 
successfully  carried  to  St.  Petersburg,  the  skeleton  being  set  up  in  the 
Academy  Museum,  and  also  the  skin,  which  has  been  prepared  by 
a  taxidermist,  softened  and  stuffed,  like  that  of  a  modem  animal, 
in  the  attitude  of  death,  surrounded  by  the  morass  in  which  it  made 
its  last  struggle  (see  Gbol.  Mao.,  1903,  pp.  361-863,  PI.  XVIII). 

A  considerable  space  is  devoted  to  the  recent  discoveries  made  by 
Professor  Amalitzky,  of  Warsaw,  of  a  whole  series  of  skeletons  of 
I'heroniorph  reptiles  (closely  similar  to  those  from  the  rocks  of 
Cape  Colony)  from  the  banks  of  the  Northern  Dwina,  near  Archangel 
in  North  Kussia.  He  has  not  yet  finished  his  excavations  nor 
published  the  results,  but  has  allowed  Professor  Laukester  to  refer  to 
them  and  to  show  the  photographs.  The  remains  were  found  in 
innnense  nodular  masses  harder  than  the  soft  Permian  strata  forming 
the  clififs  in  which  they  lie  imbedded.  These  nodules  had  been  long 
used  for  mending  the  roads,  and  when  broken  open  displayed  the 
bones  of  reptiles.  Professor  Amalitzky  had  them  dug  out  and 
conveyed  to  the  University  of  Warsaw,  where  they  are  being 
gradually  worked  out  and  mounted,  the  Imperial  Academy  of 
8l.  Petersburg  allowing  him  a  thousand  pounds  a  year  towards  the 
expenses.  There  were  many  skeletons  of  PariasauruSf  like  that 
obtained  by  Professor  Seeley  fron»  the  Karroo  Beds  in  South  Africa, 
and  several  of  a  huge  carnivorous  reptile  {Inoalraustvia)  allied  to 
LycosnnruSf  also  found  in  Cape  Colony. 

Professor  Lankester  points  out  the  interesting  fact  of  the  presence, 
even  in  these  early  Triassic  times,  of  the  two  types,  the  carnivorous 
and  herbivorous  dwelling  together,  the  bloodsucker  and  its  victim, 
just  as  in  Jurassic  times  the  two  types  of  Dinosauria  occur,  and  at 
the  present  day  the  Carnivora  and  Herbivora  exist  side  by  side  in 
Africa  and  India  and  indeed  over  a  far  wider  extent  of  the  earth. 

The  lecturer  gives  an  interesting  account  of  the  Old  Silurian  and 
Devonian  fihhes  about  which  he  formerly  contributed  a  monograph 
to  the  Pali^ontographical  Society.  He  aW)  discourses  upon  the 
Pearly  Nautilus,  the  Cuitle-fish,  and  their  ancient  allies  the 
Belemnites  and  Ammonites,  many  figures  of  which  are  given. 
The  Trilobites,  and  next  the  giant  Merostomata,  the  Pterygotvs, 
Eurypttrus,  Stylonurns,  Slimoiiin,  and  their  relatives  the  King-crabs 
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•nd  SoorpioDB,  oooupy  the  field,  and  we  see  bow  formi  adapted  for 
u  aquatic  ezialenoe  may  have  their  exteraid  leaf-like  braathiQg 
organe  traoaformed  into  interoal  traohen  suitable  for  air-breathing 
terreetrial  dwellera. 


...         *  EimUn), 

n  from  below,  to  shov  the  bases  of  the  legi. 
Fio.  3. — B«Btor«d  figure  of  the  Silurian  Bcorplou  from  Oothlaiid  (PalatpAamu 
mmciut),  seen  fiom  above. 

One  is  aetonisbed  to  find  amid  a  changing  world,  in  which  whole 
races  of  animals  have  appeared  and  disappeared  over  and  over  again, 
that  such  simple  oreaturea  as  kin^-crabs  and  scorpions  date  back 
tbeir  aDcestors  to  tlie  Silurian  period  in  Europe  and  America,  and 
■till  form  a  part  of  the  living  population  of  the  world,  the  soorpions 
dwelling  in  dry  desert  oouiitries  widely  distribuM  over  the  old  and 
new  world,  tbe  king-crabs  along  the  Atlantic  American  aeabonnl, 
and  also  in  lbs  Indian,  China,  and  Japan  seas. 

As  to  tbe  size  of  nnimala,  the  lecturer  reminds  us  that  the 
ancestors  of  the  elephant,  the  horae,  and  other  living  types  were 
quite  small  forms ;  and  that  the  hugeat  of  huge  reptiles,  tbe  exlinot 
Dijilodoetit,  80  feet  in  length,  is  exceeded  in  bulk  by  the  Right 
Whale,  belonging  to  ihe  highest  exinting  claaa,  the  Mammalia. 

We  predict  for  this  book  many  readers,  and.  an  a  rat" u It,  many  more 
visitors  to  the  Natural  History  Museum,  over  which  the  author, 
Professor  Lankester,  presides. 


516       ReviewB-^^BeadneWs  Geology  of  the  Fay&viy  Egypt. 

III. — Egyptian   Geological  Survey. 

The   Topography   and   Geology    of   the    FayCm    Province   or^« 
Egypt.      By   H.    J.    L.    Bbadnell,    F.G.S.,    F.R.G.S.      4to     7 
pp.  102,  plates  i-xvi  from  photographs,  2  maps,  6  sections,  an^ 
10  figures  in  the  text.     (Cairo  :  National  Printing  Departmeut, 
1905.) 
rpHE  Province  of  the  Fayt5m  is  deeply  interesting  alike  to  tba 
JL     archaBologist  and  the  geologist.     It  occupies  a  large  circular 
depression  in  the  Lybian  Desert,  situated  some  50  miles  80Uth-we«t 
of  Cairo,  and  immediately  west  of  that  part  of  the  Nile  Valley  lying 
between  Eafr  el  Ay  at  and  Feshn.     The  depression,  which,  roughly 
speaking,  has  an  area  of  about  12,000  square  kilometres,  oomprisfS 
within  it  three  distinct  parts — (1)   cultivated  land,  (2)  lake,  and 
(3)  desert. 

(1)  The  cultivated  land  has  an  area  of  about*  1,800  square 
kilometres,  and,  with  the  exception  of  the  lake  and  part  of  the  Wadi 
Hayan,  it  occupies  the  lowest  part  of  the  depression.  ITiis  region 
is  everywhere  covered  with  alluvial  soil,  identical  for  the  meet 
part  with  the  river  alluvium  of  the  Nile  Valley,  and  is  bounded 
by  the  desert  on  the  south  and  east  sides,  and  by  the  lake,  Birket 
el  Quridn,  on  the  north-west.  It  forms  a  more  or  less  level  plain, 
from  which  the  ground  slopes  gently  away,  on  the  north  side 
towards  the  lake.  The  Faytlm  is  directly  connected  with  the 
Nile  Valley  by  a  narrow  strip  of  low  ground,  a  natural  passage 
through  the  desert  separating  the  Nile  Valley  and  the  Fayiim 
depression.  Tlnough  tliis  gap  runs  the  natural  canal  known  aa 
the  Bahr  Yiieef,  which  is  the  sole  source  of  water  in  the  Favum. 
irrigating  the  entire  district.  Once  within  the  Fa}um  the  Bahr 
Yusef  gives  off  numerous  subsidiary  canals  which  traverse  the 
country  in  all  directions,  constant)}'  splitting  up  into  smaller 
l)ranclie8  until  the  water  supply  is  divided  throughout  the  whole 
area,  finally  draining  into  the  Hirket  el  Qurun  lake,  the  surface  of 
which  is  now  44  metres  below  the  level  of  the  Mediterranean.  Tl»ere 
are  two  deep  dry  depressions  to  tiie  south-west  known  as  the  Wadi 
R?iyan  and  the  Wadi  Muela ;  these  have  been  examined  by 
Mr.  I'eadnell  with  the  idea  of  possibly  utilising  them  in  connection 
with  a  Nile  reservoir. 

(2)  The  present  lake,  which  is  fron»  80  to  90  square  miles  in 
extent,  represents  the  existing  remnant  of  the  once  celebrated  Lake 
Moeris.  which,  in  the  rei«;n  of  Amenenihat  I  and  his  successors 
of  the  Twelfth  Dynasty,  covered  a  large  part  of  the  floor  of  the 
Fayilm  depression,  and  was  converted  by  them  into  an  artificially 
controlled  sheet  of  water  and  used  as  a  regulator  of  excessively  high 
and  low  Nile  floods  in  connection  with  the  irrigation  of  the  Nile 
Valley.  The  lake  is  now  ureatly  reduced  in  size;  in  prehistoric 
times  it  must  have  been  of  immense  extent — Mr.  Beadnell  thinks 
probably  ten  times  the  size  of  the  modern  Birket  el  Qurun — for* 
lacustrine  deposits  sliowing  approximately  the  actual  limits  of 
the  ancient  Fayum  lake  can  be  traced  over  wide  areas  of  now 
barren  desert. 
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(3)  The  desert  refi^on  to  the  north  of  the  lake  is  composed  of 
1)6<18  of  Middle  and  Upper  Eocene  age,  forming  a  series  of  escarp- 
ments. It  was  here,  within  the  past  four  years,  that  the  most 
snrprising  results  have  been  obtained  by  the  palseontologist,  almost 
surpassing  in  interest  the  truly  remarkable  discoveries  which  had 
rewarded  the  earlier  labours  of  Marsh,  Osborne,  Scott,  and  others  in 
North  America.  When  Schweinfurth  crossed  the  region  in  1879 
he  found  fossil  bones,  which  were  determined  by  Dames  to  be  the 
remains  of  Cetacea  of  the  genus  Zeiigfodon,  These  appear  to  have 
been  the  earliest  vertebrates  obtained  from  the  Faytlm.  In  April, 
1901,  some  of  the  localities,  previously  noticed  by  Mr.  Beadnell  in 
1898  to  be  bone-bearing,  were  revisited  by  him,  in  company  with 
Dr.  C.  W.  Andrews,  of  the  British  Museum,  then  spending  the 
winter  in  Egypt,^  when  additional  evidence  of  fossil  vertebrates 
was  met  with.  A  new  locality  was  also  discovered  further  north 
(where  the  outcrop  of  the  bone-beds  was  crossed),  and  a  con- 
Bideiable  number  of  mammalian  and  reptilian  bones  was  observed 
exposed  at  the  surface,  including  remains  of  Sirenians,  Zeuglodon, 
eta,  the  most  important  land  mammalia  being  Palaomastodon 
BeadnelU,  Mmriiherium  Lyonsi,  Barytherium  grave^^  etc.  Later  on 
the  remarkable  new  ungulate  Arsinditherium  Zitteli,  Beadn.,  was 
discovered  by  Mr.  Beadnell  (see  Grol.  Mao.,  1903,  pp.  529-532, 
Pis.  XXIII  and  XXIV)  with  many  others.  Important  and  wonderful 
as  these  discoveries  are,  their  value  is  greatly  enhanced  by  the 
extraordinary  completeness  of  the  st  rat  {graphical  record  exhibited 
in  the  very  clearly  exposed  and  regular  series  of  deposits  laid 
bare  on  the  flanking  cliffs  and  escarpments  on  the  northern  side 
of  the  Fay^m,  of  which  the  author  gives  a  large  number  of 
sections  with  details  of  each  separate  bed.  Thus  we  commence 
with  a  magnificent  exposure  of  Middle  Eocrnb  (Parisian )  strata, 
having  a  thickness  of  1,300  feet,  yielding  Numinulites,  Mollusca, 
fish-remains,  and  species  of  Zenglodon  with  remarkably  primitive 
dentition,  and  accompanying  these,  remains  of  a  vertebrate  land-fauna. 
Then  follows  the  Upper  Eooene  (Bartonian),  830  feet  in  thickness, 
which  has  yielded  abundance  of  vertebrate  remains,  the  commonest 
being  PalaomaBtodon,  Arsinbitherium,  McBrttheriumf  and  Ohelonians.^ 

Still,  in  ascending  order  one  meets  with  Oligocene  (Tongrian) 
beds  with  a  thickness  of  100  feet  of  fluvio-marine  beds,  containing 
also  silicified  tree  trunks  in  great  abundance,  with  a  sheet  of  Iiard 
basalt  at  the  top.  The  youngest  beds  are  gravel  terraces  and 
lacustrine  clays,  deposited  by  the  ever-diminishing  waters  of  the 

'  Dr.  Andrews  subsequently  paid  three  other  visits  to  Ef^t,  and  the  results  of  his 
collections  in  the  Fayiim,  and  ot  duplicate  specimens  contributed  by  the  Survey,  may 
now  be  seen  in  the  fine  series  of  objects  exhibited  in  the  cases  of  the  Geolojri<'al 
Department  (Natural  History),  Cromwell  Road.  We  are  glad  to  learn  that 
a  Catalogue  by  Dr.  Andrews,  published  under  the  joint  auspices  of  the  Tru^tt^es 
of  the  British  Museum  and  the  Survey  Department  of  Ej^ypt,  will  shortly  api)ear, 
with  figures  and  descriptions  of  the  fossil  vertebrates  of  this  remarkable  region. 

»  See  Geol.  Mao.,  1901,  pp.  400-409  and  436-444;  1902,  pp.  291-295  and 
433-439;  and  also  on  the  CTColojrv,  1901,  op.  cit.,  pp.  640-646. 

3  See  paper  by  Dr.  C.  W.  Amlrews,  Gkol.  Mao.,  1903,  pp.  337-343. 
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lake  (Birket  el  Qurla),  also  sands  blown  from  the  desert,  vA 
alluvial  deposits. 

"  In  a  thiokness  of  700  metres  (2,266  feet)  these  beds  include 
every  kind  of  sedimentary  deposit — limestones,  marls,  days,  sand* 
stones,  sands,  and  gravels,  forming  an  ever-changing  sacoessioD 
of  rocks,  varying  considerably  in  hardness  and  capacity  for  with- 
standing the  agents  of  denudation.  It  is  not  too  much  to  saj 
that  the  coming  into  existence  of  the  Faytlm,  with  ita  plains,  low* 
lying  depressions,  precipitous  cliffs  and  escarpments,  was  largely 
dependent  on  the  nature  of  this  variable  series  of  deposits  "  (p.  15), 
out  of  which  this  hollow  has  been  carved. 

In  reference  to  the  origin  of  the  Faylm,  Dr.  Blanokenhom 
describes  it  as  a  triangular  depression  bounded  on  all  eidee  hyfauUt, 
the  position  of  which  he  shows  on  a  map  accompanying  his  paper.' 
''As  these  fault-lines  lie  for  the  most  part  within  the  area  covered  by 
the  alluvial  deposits  and  the  waters  of  the  lake,  it  is  not  easy,  for 
want  of  exposures,  to  disprove  their  existence.  But  the  fault  along 
the  east  side  follows  the  junction-line  between  the  desert  and  the 
cultivated  lands.  Along  this  line  everywhere  the  marls  and  lime- 
stones of  the  Ravine-beds  pass  regularly  from  the  desert  nnder  the 
cultivated  lands  without  any  sort  of  break  or  dislocation,  whilst  ao 
examination  of  the  desert  ridge  to  the  east  disproves  the  existence  of 
any  faulting  on  the  desert  side."  ''  A  few  kilometres  to  the  west  the 
same  beds  appear  in  the  ravine  of  El  Bats,  proving  their  continuity 
under  the  etdtivated  alluvium  in  this  direction."  The  author  deak 
with  all  the  other  faults  propounded  by  Dr.  Blanckenhorn,  and  con- 
cludes, after  careful  examination,  that  no  evidence  in  favour  of  the 
existence  of  such  faults  was  met  with,  and  that  everywhere  the 
strata  occupy  tlieir  normal  undisturbed  level  stratigraphical  position 
(pp.  30  and  31). 

**  No  evidence  has  as  yet  been  met  with,"  says  Mr.  Beadnell, 
*^  which  would  suggest  that  earth-movements  have  played  any 
important  part  in  the  formation  of  the  Fay  urn  depression.  In  fact, 
an  examination  of  the  desert  margin  conclusively  proves  that  the 
depression  has  been  cut  out  through  the  action  of  ordinary  subeerial 
denuding  agents"  (p.  29). 

The  author  pictures  the  condition  of  the  Faydm  in  Eocene  times, 
and  suggests  that  a  great  river  flowed  in  a  north-easterly  direction 
along  the  line  of  the  Baharia  Oasis  from  a  well-wooded  continental 
area  hundreds  of  miles  to  the  south,  carrying  along  with  it  in  flood- 
time  vast  masses  of  matted  rafts  of  forest  trees,  and  bearing  seawards 
the  carcases  of  those  curious  Eocene  animals  the  remains  of  which 
are  so  abundant  in  the  Fayiim  of  to-day. 

The  memoir  is  distinctly  in  advance  of  its  predecessors  both  in  the 
))riiiting  and  in  the  quality  of  its  illustrations,  which  have  been  very 
carefully  executed;  the  frontispiece,  representing  the  Bahr  Yusef 
at  Lahun,  before  entering  the  Fayum,  is  an  excellent  picture,  and  the 
phite  (x)  of  tlie  El  Qutrani  range,  showing  the  magnificent  basalt- 
capped  cliff's,  is  also  very  good.    The  plate  of  the  isolated  sand-dune 

*   Blanckenhorn,  ''  Geologic  Aegyptens,'*  Berlin,  1901,  pt.  iv,  pp.  339-344. 
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near  Qtsa  e]  Oehannem  (pi.  xv)  illustrates  the  diffioulties  wbioh  often 
impede  the  traveller  in  oroseing  such  desert  tracks,  some  of  these 
danes  being  practically  impassable  by  caravans  for  miles. 

Of  the  curious  blocks  of  sandstone,  pierced  by  numerous  borings, 
we  shall  have  something  more  to  say  on  another  occasion.  They 
appear  to  be  the  exact  replica  of  specimens  brought  home  from  Lake 
Tanganyika  by  Mr.  J.  £.  S.  Moore. 

The  maps  and  sections  are  most  excellent  We  congratulate  the 
lothor  and  Captain  H.  G.  Lyons,  F.Q.S.,  the  Director  General  of  the 
Purveys  Department,  on  this  most  admirably  executed  memoir. 


BBrrisH    AsaooiATioN    roB    thb    Advancement    of    Soienob. 
Cape  Town,  South  Afuioa,  August  16th,  1905. 

^Diuus  TO  THB  GEOLOGICAL  Sbction  fC)  by  Professor  H.  A.  Mibbs,  M.A., 

D.Sc,  F.R.S.,  Presiaent  of  the  Section. 

(Conektded  from  the  October  Number^  p,  478.) 
Supersaturated  Solutions. 

I  DO  not  myself  see  how  we  can  do  otherwise  than  apply  to  the 
study  of  rock-magmas  all  that  can  be  learnt  from  physical  chemists 
oonceming  the  behaviour  of  solutions,  for  though  we  cannot  attain 
in  laboratory  experiments  the  high  temperatures  and  great  pressures 
at  which  rocks  may  have  crystallised,  there  is  no  reason  to  believe 
that  these  introduce  more  than  a  difference  of  degree.  The  principles 
of  equilibrium  between  the  various  crystallising  components  probably 
remain  the  same,  whatever  may  be  the  temperatures  and  pressures 
at  which  they  have  solidified. 

It  must  at  the  same  time  be  confessed  that  most  of  the  experiments 
open  which  the  modern  theory  of  solutions  has  been  built  up  have 
been  conducted  upon  dilute  solutions,  whereas  the  problems  of 
crystalline  growth  are  concerned,  not  with  dilute  nor  even  with 
saturated  solutions,  but  only  with  solutions  which  are  supersaturated. 
There  is  some  force  in  the  objection  of  Doelter  that  the  results  of 
such  experiments  may  not  be  directly  applicable  to  crystallising  slags. 

For  example,  as  1  have  already  mentioned,  doubt  has  been 
expressed  in  the  case  of  silicate  magmas,  whether  the  substances  in 
solution  are  the  minerals  about  to  crystallise  or  only  their  constituents ; 
whether  viscosity  and  supersaturation  may  not  invert  the  theoretical 
order  of  their  appearance;  whether  we  are  to  take  into  account 
possible  dissociation  of  the  molecules  or  not ;  whether  the  presence 
of  a  common  ion  in  these  minerals  is  a  factor  which  determines 
their  mutual  solubility.  In  fact,  very  little  is  known  about  the 
actual  condition  of  the  materials  in  a  strong  solution,  although  I  do 
not  know  that  there  is  any  evidence  available  which  forbids  us  to 
regard  a  solution  about  to  crystallise  as  a  mixture  of  liquids  one  of 
which  is  about  to  pass  into  the  solid  state. 

But  if  little  is  known  about  the  nature  of  strong  and  supersaturated 
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solations,  a  good  deal  majr  be  learnt  about  their  bebavioar.  Having 
complained  that  we  need  experiments  in  this  field,  I  may  perhaps  be 
pardoned  if  I  allude  to  some  unpublished  experiments  of  my  own 
which  relate  to  the  general  behaviour  of  crystallising  liquids,  and 
appear  to  me  to  explain  two  difficult  problems  in  petrography. 
To  such  experiments  the  objection  of  Doelter  does  not  apply. 

The  Metastable  and  Labile  Conditions. 

When  a  solution  of  any  salt  such  as  alum  or  sodium  nitrate  ii 
allowed  to  crystallise  at  a  uniform  temperaturis  the  crystals  will  only 
grow  so  long  as  the  solution  Ib  supersaturated  ;  a  crystal  growing  in 
the  supersaturated  solution  will  continue  to  do  so  until  a  condition 
of  equilibrium  is  attained.     If  the  solution  be  kept   at   rest  and 
maintained  at  a  constant  temperature,  the  crystal  will  continue  to 
concentrate  the  liquid  around  itself  and  to  withdraw  solid  material, 
until  by  diffusion  of  the  impoverished  liquid  the  whole  mass  is 
ultimately  reduced  to  saturation,  equilibrium  is  established,  and  tbe 
crystal  ceases  to  grow ;  but  most  saturated  solutions  are  so  viscoas 
that   a  very  long  time   is   required   before   this   point   is  reached. 
Prolonged  and  vigorous  stirring  is  required  if  the  supersaturation  is 
to  be  completely  relieved  within,  say,  a  day  ;  without  stirring,  weeks 
may  be  required. 

Further,  it  may  be  possible,  as  is  well  known,  to  keep  a  super- 
saturated solution  in  a  sealed  tube  for  years  without  change ;  and  it 
is  also  possible  to  start  crystallisation  in  such  a  liquid  by  dropping 
into  it  a  crystal  of  the  dissolved  substance,  or  of  one  isomorphous 
with  it,  or  sometimes  by  shaking  it. 

But  it  is,  perliaps,  not  generally  known  that  supersaturated 
solutions  are  of'  two  sorts. 

In  1897  Ostwald  published  some  experiments  upon  supercooled 
liquids  and  supersaturated  solutions,  which  were  carried  out  with 
the  object  of  showing  how  extraordinarily  minute  are  the  quantities 
of  solid  material  capable  of  starting  crystallisation  in  such  liqui<)s, 
but  at  the  same  time  that  they  have  a  limit  of  size.  He  called 
attention  to  the  radical  difference  which  probably  exists  between  the 
state  of  a  saturated  solution  which  cannot  crystallise  spontaneously 
and  that  of  the  more  strongly  supersaturated  solution  ^which  can 

do  80. 

The  former  is  one  in  which  crystallisation  can  either  take  place 
spontaneously  or  can  be  induced  by  stirring  or  shaking,  or  a  variety 
of  causes :  this  Ostwald  calls  the  labile  state.  The  latter  is  one 
in  which  crystallisation  can  only  take  place  if  a  solid  crystal  of  the 
dissolved  substance,  or  a  fragment  of  one,  is  brought  into  contact 
with  the  liquid  :  this  he  calls  the  metastable  state.  It  is  highly 
probable  that  no  amount  of  stirring  or  shaking,  or  introduction  of 
foreign  substances,  can  make  the  metastable  liquid  crystallise. 

Until  recently  no  attempt  to  ascertain  the  exact  limit  between  the 
metastable  and  labile  states,  or  even  to  establish  the  existence  of 
such  a  limit,  had  been  successful,  and  practically  no  attention  has 
been  paid  to  the  difference  between  them.  Tamman,  who  measures 
the  velocity  of  crystallisation  by  counting  the  number  of  the  centres 
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of  growth  or  nDclei  whioh  appear  in  a  supersaturated  solution,  does 
not  reoognise  any  distinotion  between  the  two  states. 

During  the  present  year  a  number  of  experiments  carried  on  by 
Miss  F.  Isaac  and  myself  upon  the  strength  of  solutions  from  whioh 
crystals  are  growing  have  shown  that  it  is  easy  to  determine  the 
changing  concentration  of  a  cooling  solution  by  an  optical  method^ 
to  show  that  it  passes  into  the  labile  state,  and  to  ascertain  the 
temperature  at  which  the  transition  occurs.  We  have  found, 
for  example,  that  a  solution  containing  48  per  cent,  of  NaNO,  is 
saturated  at  26^,  is  metastable  between  26^  and  16^,  and  crystallises 
spontaneously  below  that  temperature  ;  one  containing  52  per  cent. 
(^  Na  N  0,  is  saturated  at  44^,  and  becomes  labile  at  35^. 

In  the  metastable  state  inoculation  by  a  solid  germ  of  the  dissolved 
substance,  or  of  one  isomorphons  with  it,  is  necessary  in  order 
to  cause  the  liquid  to  crystallise;  in  the  labile  condition  solid  germs 
may  be  spontaneously  generated  from  the  liquid.  Take,  for  example, 
a  test  tube  filled  with  a  solution  of  sodium-nitrate  containing  48 
parts  of  the  salt  in  100  parts  of  solution,  which  is  metastable  at 
ordinary  temperatures ;  if  crystals  make  their  appearance  in  this 
solution  it  will  only  be  because  the  dust  of  the  room  contains  minute 
particles  of  sodium-nitrate  which  fall  into  the  tube,  or  because 
crystals  are  deposited  where  drops  have  evaporated  near  the  surface, 
and  accordingly  the  first  crystals  appear  at  the  surface  of  the  liquid, 
and  grow  there  until  they  are  large  enough  to  fall  to  the  bottom. 
I  find  that  such  a  solution,  if  enclosed  in  a  sealed  tube  so  as  to 
prevent  access  of  germs  and  evaporation,  cannot  be  made  to 
crystallise  above  the  temperature  of  16^,  although  it  is  supersaturated 
at  all  temperatures  below  26^. 

Again,  let  a  hot  solution  of  the  same  strength  containing  48  per 
oent.  of  the  salt  be  allowed  to  cool  down  while  being  stirred.  If 
dust  containing  Na  N  0,  can  be  excluded,  the  liquid  will  not 
crystallise  until  the  temperature  falls  to  16^,  when  the  solution 
passes  from  the  metastable  to  the  labile  condition.  A  cloud  of  nuclei 
will  then  form  throughout  the  liquid,  and  each  will  proceed  to  grow 
as  a  separate  crystal ;  the  immediate  effect  is  to  i-educe  the  liquid  to 
the  metastable  state  bo  that  no  more  crystals  are  produced,  but  each 
of  these  continues  to  grow  from  the  liquid  with  which  it  is  in  contact. 

If  dust  be  not  excluded,  crystals  may  make  their  appearance  upon 
the  surface  of  the  liquid  and  will  soon  sink  ;  but  even  though  they 
be  stirred  about  actively  in  the  solution  the  liquid  as  a  whole 
remains  in  the  metastable  state  till  a  temperature  somewhat  below 
16^  is  reached,  when  the  labile  region  is  entered  and  a  cloud  of  new 
crystals  makes  its  appearance. 

It  follows,  therefore,  that  in  a  cooling  supersaturated  solution, 
from  which  germs  have  not  been  excluded,  there  are  normally  two 
periods  of  growth  :  one  in  which  a  comparatively  small  number  of 
isolated  crystals  are  growing  regularly,  and  a  subsequent  period 
in  which  a  shower  of  small  crystals  is  produced.  Only  if  the  rate  of 
cooling  be  sufficiently  slow,  or  the  stirring  be  sufficiently  violent,  to 
keep  the  liquid  in  the  metastable  condition  will  there  be  no  second 
period,  no  sudden  precipitation  of  nuclei. 
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ThMd  event!  take  plaoe  in  all  tiia  aqnaoat  aolatton^ridak  i  hsm 
•zamined,  and  I  am  aarprfaad  that  tbaj  have  not  baett  &tnimai 
befi>ra.    lliey  afford  a  WMdUeaxplaaaftionfif  two  eotttOMml^^ 
4rf  ignaooa  rooka,  and  of  0lag8^namel7,  tfia  grofrfh  of  ooofinlrpi^ 
Urg&  and  isolated  porphyria  oiyetila,  or  fkmoogy^  and  da 
MMMaianoe  of  the.  tame  mineral  at  two  or  mora  diSnent  pacMa 
Una  origin  and  the  arreated  growth  of  phenooiyita  haiwgiinnHy 
been  attributed  to  sodden  change  of  tempentars^  of  pisasnwb  er  « 
hvdxationy  and  no  other  plaimble  explanation  has   bsan  gNQi 
iIthoQ|^h,  as  has  beiw  sometimes  pointed  oott  tfa«qr  wuof  oossv  k 
batholites  where  there  is  no  independent  oTideiiee  of  anob  ebsagwi 
Pirsson  baa  reoognised  the  otter  unpossibilitgr  of  Am  milnmef  thsMfi 
and  has  xeoently  suggested  that  eaoh  mineral  baa  ita  omteOisslioe 
intenral  during  whieh  it  oontimea  to  grow,  and   thai  this  b 
terminated  by  the  inorsasing  visoositjr  of  the  magmay  whUh  ehsdn 
4he  solely  of  farther  mateial  to  tfie  growfaag  phenocrysts  sal 
establishes  new  oentres  of  orystaUisation.    ▲  mniilar  eaqploastioa 
waa  adopted  by  Oroaby  for  tiie  qnsrta-porphvry  dT  the  BIna  Hffla 
He  esprssses  it  by  saying  that  owuig  to  the  inoreaasd  viooority  As 
rate  of  ooolingOTertazea  the  mcdeonlar  flow/ which  oanaol  Imnm  paM 
with  the  oiyatallisation.    It  is  so  dilEooU  to  ind  any  satisMwy 
theory  for  the  growth  of  {Aienooiysts  tliat  they  have  even  bsan 
attriboted  to  the  efbot  of  earthquake  shocks. 

Now  in  a  silicate  magma,  in  all  probability^  the  teaspeiaftwe  is 
aufBoiently  hi^h  to  be  that  of  the  metastable  oonditioBt  the  lale  of 
oooling  sufficiently  slow  to  keep  the  liquid  in  that  oondition  for 
a  considerable  time,  and  the  viscosity  sufficiently  great  to  prevent 
the  growing  crystals  from  sinking  at  once ;  we  have,  therefore,  all 
the  conditions  feivourable  for  the  growth  of  parphifritie  crystals; 
these  must  have  generally  originated  throughout  the  liquid  si 
spontaneous  nuclei  if  the  magma  entered  the  labile  state,  or  may 
have  been  started  by  inoculation  or  oooling  at  the  margin  if  tbe 
magma  as  a  whole  remained  in  the  metastable  state.  In  the  latter 
case  suppose  that  further  somewhat  sudden  oooling  brings  the 
magma  to  the  labile  condition,  then  there  will  be  a  sudden  and 
spontaneous  second  growth  of  nuclei  which  will  not  be  able  to 
attain  the  dimensions  of  the  porphyritic  crystals ;  we  have  here  all 
the  conditions  necessary  for  a  $eeond  generation  of  one  of  the 
constituents  of  the  rock. 

It  is  not  necessary,  therefore,  to  suppose  that  changes  of  pressors 
played  any  very  great  part  in  these  matters.  I  believe  it  will  be 
found  that  considerations  of  temperature  and  solubility  are  far  more 
important.  Similarly,  in  the  case  of  the  salt  deposits  van  't  Hoff 
came  to  the  oonolusion  that  practically  the  only  effect  of  changes  of 
pressure  is  to  displace  the  temperature  of  formation  of  the  various 
compounds  and  not  to  alter  their  order  or  their  nature;  he  estimates 
that  this  displacement  is  comparable  with  that  of  the  melting-points 
under  the  same  agency,  and  in  the  case  of  the  calcium- magnesium 
chlorides  only  amounts  to  a  few  thousandths  of  a  degree  for  one 
atmosphere  of  pressure. 

Perhaps  when  we  can  ascertain  the  temperature  at  which  sflicaie 
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magmas  pass  from  the  metastable  to  the  labile  oondition  we  may  use 
this  knowledge  to  determine  the  exact  temperature  at  which  certain 
of  their  minerals  crystallised. 

Ordinary  petrographioal  descriptions  supply  numerous  examples 
of  the  difference  between  the  metastable  and  labile  conditions  to 
anyone  who  will  read  them  in  the  light  of  the  suggestion  which 
I  have  made ;  others  are  to  be  found  in  such  experiments  as  those  of 
Vogt  or  Doelter. 

My  own  hope  is  that  when  more  experiments  have  been  made 
upon  mixed  supersaturated  solutions  it  will  be  found  that  most,  if 
not  all,  of  the  features  of  rock  development  are  paralleled  by  the 
ordinary  process  of  crystallisation,  but  that  motion,  supersaturation, 
and  supercooling  are  most  important  factors. 

The  very  similarity  between  the  differentiation  of  the  alumo- 
alkaline  and  ferro-magnesian  minerals  on  a  small  scale  in  the  rock, 
and  that  of  the  alumo-alkaline  (or  salic)  and  ferro-magnesian  (or 
femic)  rocks  themselves  on  a  large  scale,  points  to  some  similarity 
of  origin. 

In  order  to  avoid  burdening  this  address  with  detail  I  have  merely 
chosen  the  researches  of  van  't  Hoff,  Vogt,  Doelter,  and  Heycock  and 
Neville  as  illustrations  of  experimental  work  conducted  on  the  lines 
of  modem  physical  chemistry,  and  have  omitted  much  that  might 
have  been  mentioned ;  the  valuable  researches  of  Pelouze,  Lagorio, 
Morozewicz,  and  Loevinson •  Lessing,  and  the  melting-point 
determinations  of  Joly  I  have  not  quoted,  because  they  belong  for 
the  most  part  to  an  earlier  period  than  that  which  I  am  considering, 
and  have  been  discussed  by  Teall  and  other  writers. 

Many  very  interesting  speculations  I  have  passed  over  entirely, 
because  my  object  has  been  to  focus  attention  upon  experimental 
evidence.  I  cannot  help  thinking  that  these  speculations  are  often 
based  upon  chemical  actions  and  equilibria  that  may  be  impossible ; 
but  we  cannot  criticise  them  for  lack  of  evidence,  and  I  return  to 
roy  original  statement  that  geology  is  only  beginning  to  enter  the 
experimental  stage. 

An  earnest  beginning  is,  however,  being  made.  The  researches 
on  mineral  and  rock  synthesis  which  I  have  already  quoted  are 
laying  a  solid  foundation ;  and  I  see  no  reason  why  something  of 
the  sort  which  has  been  done  by  van  t'  Hoff  and  his  collaborators 
for  the  aqueous  deposits  of  Stassfurt  should  not  ultimately  be  worked 
out  for  an  igneous  complex,  though  it  may  involve  tenfold  the  labour 
and  tenfold  the  time.  We  have  already  to  welcome  the  establish- 
ment by  the  United  States  Geological  Survey  of  a  laboratory  for  the 
express  purpose  of  applying  to  minerals  and  rooks  the  exact  methods 
of  modern  physics  and  physical  chemistry.  The  very  suggestive 
research  of  Day  and  Allen  upon  the  thermal  properties  of  the 
felspars  is  a  promise  of  the  sort  of  work  that  may  be  expected  from 
such  laborHtories. 

I  fear  it  will  be  only  too  evident  to  those  who  have  given  me  their 
patience  during  this  address  that  I  approach  the  problems  considered 
in  it  from  the  point  of  view,  not  of  the  geologist  or  the  chemist,  but 
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of  the  orysiallographer,  to  whom  the  birth  and  growth  of  crystals 
a  study  in  themselves.      Whether  we  watch  with  the  micro80op»^ 
a  tiny  crystal  growing  from  a  drop  of  solution,  or  contemplate  wit^l 
the  imagination  the  stages  by  which  the  fiery  lavas  of  past  geologicito^ 
periods  sank  to  rest  and  crystallised,  we  view  the  same  prooesa    j 
it  is  the  transformation  of  liquid  into  crystal.     Not  necessarily  int^3 
a  solid,  for  recent  research  shows  that  there  is  no  dividing-lia^ 
between  liquid  and  solid  ;   a  plastic  solid  body  may  flow ;   a  solid 
glass  is  only  a  supercooled  liquid ;   witness,  for  example,  the  ex- 
periments of  Adams  on  rocks  and  of  Tamman  on  supercooled  liqaidtL 
The  real  primary  distinction  is  between  crystalline  and  non-crystalline 
material,  and  there  is  even  good  reason  to  believe  that  some  crystals 
are  liquid  without  ceasing  to  be  crystals. 

The  properties  of  most  rocks,  of  metals,  alloys,  ice,  and  manj 
other  substances  are  due  to  the  fact  that  they  consist  of  crystals,  and 
the  importance  of  the  study  of  the  latter  is  now,  I  trust,  beinj; 
brought  home  alike  to  chemists,  physicists,  geologists,  and  engineers 
in  connection  with  problems  relating  to  the  strength,  the  movements, 
the  origin,  and  changes  of  what  are  usually  called  solids. 

And  so  I  close,  as  befits  a  student  and  teacher  of  crystallography, 
with  the  hope  that  renewed  attention  may  be  paid  to  this  subject, 
and  that  it  may  attract  the  interest  of  many  a  keen  intellect  in  South 
Africa.  The  higher  scientific  studies  are  now  establishing  themselves 
as  an  integral  part  of  the  educational  and  intellectual  life  of  the 
country.  This  is  in  no  small  measure  due  to  the  South  African 
Association ;  and  we  may  hope  that  the  visit  of  the  British  Associa- 
tion will  be  of  some  help  to  her  younger  sister  in  the  task  of  difTiising 
a  taste  and  an  interest  for  the  pure  truths  of  science  and  the  studies 
that  they  both  hold  dear. 

coI^I^E!s:F»OIS^^^.E3l^^oE. 

THE   TRIMINGHAM   BLUFFS. 

Sir. —  As  no  stress  was  laid  on  the  presence  of  BelemniUUa 
mncronata  in  the  Chalk  at  Triminghani,  and  we  do  not  consider  the 
erratics  of  tliat  rock  in  the  Cromer  district  to  have  made  more 
tlian  short  journeys,  we  cannot  agree  with  Mr.  B.  B.  Woodward 
about  the  importance  of  the  literature  of  the  subject  since  1882. 
One  of  us  was  acquainted  with  the  general  results  of  Mr.  Bry deque's 
work,  but  tliou^lit  minute  zonal  information  had  no  direct  bearing  on 
our  objections  to  Mr.  Clement  lieid's  hj'pothesis.  That  of  a  sea-stack, 
though  less  open  to  stricture,  involves  some  serious  difficulties 
which  Mr.  B.  B.  Woodward  has  apparently  overlooked.  Surely 
the  majority  of  these  masses  at  Triminghara  cannot  be  *  stacks.* 
On  the  right  of  the  reproduced  photograph  (PI.  XXII)  boulder-clay 
can  be  seen  underlying  the  chalk  mass  (E)  at  (F),  and  another  one 
(C)  at  (D).  Again,  if  (C)  merely  rests  against  (A),  to  form  the 
roof  to  the  tunnel  (B)  filled  with  boulder-clay,  it  must  be  an 
erratic,  for  sea-stacks  are  not  generally  mushroom-shaped.  The 
small  chalk  mass  further  east,  seen  in  1900  (p.  899)  but  now 
washed  away,  must,  we  think,  have  been  a  boulder,   while  if  the 
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Original  eastern  mass,  which  has  met  a  similar  fate,  was  a  stack,  the 
laoi  (more  thaa  once  recorded  in  our  notes)  that  the  flint  bands  in  it 
^ere  fairly  horizontal  and  those  in  the  other  sharply  curved,  was, 
to  say  the  least  of  it,  singular,  for  it  would  require  the  axis  of 
flexure  to  have  taken  a  very  abnormal  course.  But  if  (A)  and  (0) 
form  parts  of  one  stack  the  position  of  the  tunnel  (B)  is  hardly 
less  singular,  for,  instead  of  looking  in  the  teeth  of  the  waves,  it 
takes  a  sheltered  course  more  nearly  parallel  with  the  coastline. 
It  is  therefore  highly  improbable  that  any  other  mass  than  (A) 
can  be  a  stack,  and  if  so,  it  is  curiously  environed  by  great  boulders. 
But  if  it  be,  what  becomes  of  Mr.  Reid's  hypothesis?  Did  the 
advancing  ice-sheet  first  'ruck'  up  the  chalk,  then  retreat  to  allow 
the  sea  to  carve  out  a  stack  (and  make  a  tunnel  if  (B)  and  (C)  form 
one  mass),  and  return  to  wrap  it  up  in  boulder-clay  ?  Or  was 
a  pre-Glacial  stack  mercifully  spared  by  the  ice-sheet?  In  fact,  the 
sea-stack  hypothesis  involves  so  many  difficulties  that  Mr.  Woodward 
must  pardon  us  for  suggesting  the  possibility  of  his  having  been 
misled  in  regard  to  the  chalk  in  the  headland  being  one  mass  with 
that  in  the  platform.  In  a  material  like  chalk,  as  we  found  at  the 
arch,  it  is  difficult  to  determine  continuity  or  discontinuity,  and 
equally  so  to  trace  bands  of  interrupted  flints.  But  be  this  as  it  may, 
Mr.  Woodward  has  discarded  Mr.  Clement  Reid's  hypothesis,  and 
in  so  doing  indirectly  justifies  our  remark  that  it  was  out  of  place  in 
a  Survey  memoir.  To  this  we  adhere,  though  it  may  cause  "  some 
surprise  "  to  "  students  of  East  Anglian  geology  "  (are  they  a  zonal 
variety  ?).  This  is  our  reason :  A  Survey  memoir  is  an  official 
publication,  which  is  inevitably  invested  with  authority.  It  is  also 
published,  as  the  work  is  done,  at  the  cost  of  the  nation.  We 
therefore  hold  that  it  should  be  a  record  of  facts,  not  of  hypotheses 
of  a  more  or  less  tentative  or  dubious  character  :  these  find  a  proper 
home  in  the  ordinary  scientific  periodicals.  Thus  no  oile  could 
object  to  the  appearance  of  Mr.  Reid*8  hypothesis  in  this  Magazine, 
but  in  the  Cromer  Memoir  a  mention  of  it  with  a  reference  would 
have  sufficed.  T.  G.  Bonnet. 

E.  Hill. 

THE  TRIMINGHAM  CHALK. 

Sib, — May  I  suggest  a  small  innovation  in  your  usual  practice, 
which  would  be  very  grateful  to  your  subscribers,  namely,  the 
reprinting  of  Mr.  Bry doners  remarkable  paper  in  the  Gkolooioal 
Magazine.  This  paper,  to  which  Mr.  B.  B.  Woodward  has  called 
timely  notice,  has  virtually  only  been  privately  published,  and  the 
fact  of  its  not  being  quoted  by  Professor  Bonney  and  Mr.  Hill  may 
perhaps  be  thus  explained,  although  it  has  been  out  for  five  years, 
and  is  specially  quoted  and  utilized  in  so  accessible  a  monograph  as 
the  portly  Survey  Memoir  on  the  Cretaceous  Rocks  of  Great  Britain, 
published  a  year  ago  (op.  cit.,  pp.  260-264),  which  also  seems  to 
have  escaped  the  notice  of  the  two  authors  just  cited. 

[I  have  procured  a  copy  of  Mr.  R.  M.  Brydoiie's  paper,  dated 
August,  1900.  It  is  a  pamphlet  of  16  pages,  and  was  published 
separately  by  Dulau  k  Co.  (price  Is.).] 
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PROFESSOR   BARON   FERDINAND  VON  RICHTHOPEN. 
Bour  lUir  ff,  Ittl.  Dm  Oomnii  $,  19M, 

It  b  with  miioh  ngvft  dial  we  iMord  fba  deilh  of  Bii^ 
Tfm  Bkhlbofai,  PioMim  of  Qeogi^ihy  in  Uie  Qnila  Urimrilif 
«nd  eminent  oliko  m  a  godoglit  iod  geognij^ier;  wlio  fmr  liii  Ml 
WBYwiiemk  yean  tanj^t  m  that  otfert  aod  of  wIum  it  haa  heoi  iril 
that  theie.ace  few  mnimg  living  Qeman  gaognpliMS  w1m»  «*•  aot 
pEood  to  oall  themaelTea  his  piipua» 

Bom  at  Karlanihe,  SUeeia,  on  6di  Mw,  1888,  he  iliidbd  fnt  i* 
Braslaut  and  afterwards  at  Berlin  (1850^)*  gradnatiug  in  18GL 
His  fint  geologioal  work  was  performed  in  the  Sontfa  TjnA^ 

In  1860.  with  the  rank  of  a  Legation  eeoietaiv^  he  joinea  Cbul 
Balenboig^a  Proeatan  espeditioQ  «e  giedogiatk  Yimnff  Jiq^an,  OUai^ 
and  Siam ;  he  then  left  the  expedition  at  Siam  ajad  oontinned  Ui 
traTele  in  Java,  Manila,  the  Philippines,  CUebea,  ttid  Bormai  spenAnc 
Bome  time  in  California  and  Nevada.  In  1868  he  went  to  Shsngliai 
and  explored  for  four  years  a  large  part  of  China,  returning  to  Europe 
in  1872,  to  work  out  the  results  of  his  travels.  The  University  of 
Bonn,  after  electing  him  to  the  Chair  of  (Geography  in  1875,  allowed 
him  to  complete  the  first  part  of  his  great  work  on  China  before 
taking  up  his  post  in  1879.  Fix)m  Bonn  he  was  transferred  to 
Leipsic  in  188S,  and  to  Berlin  in  1886,  where  he  continued  to 
lecture  until  the  time  of  his  death.  It  was  by  his  advice  that  the 
German  Government  selected  Eiao-ohau  as  its  naval  base  in  the 
Far  East,  and  have  subsequently  devoted  themselves  to  the  spedai 
development  and  exploration  of  the  province  of  Shantung. 

Baron  Richthofen  took  an  active  part  in  the  International 
Geological  Congress  held  in  London,  September  17th,  1887.  la 
the  following  year  be  was  elected  a  Foreign  Member  of  the 
Geological  Society  of  London,  and  in  1892  he  received  the 
award  of  the  Wo  Hasten  Medal  from  the  Council  of  that  Society. 
On  the  occasion  of  its  presentation  Sir  A.  Geikie,  the  President, 
said  of  Baron  Richthofen's  great  work  on  the  geology  of  China, 
'*  The  massive  volumes  and  splendid  atlas  which  contain  his 
account  of  China  form  one  of  the  most  important  contribntioni 
ever  made  to  geological  literature"  (Gkol.  Mao.,  1892,  p.  183). 
His  lectures  and  writings  amply  testify  to  the  intimate  connection 
which  exists  between  the  sciences  of  geography  and  geology,  and 
one  is  led  to  wonder  how  they  were  ever  separated. 
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Baron  Riohthofen  died  on  October  6tb  in  his  7drd  year.  His  loss 
^ill  be  felt  wherever  the  sciences  of  geology  and  geography  are 
•CQltivated. 


Rbtikbmbmt  or  Mm.  Huqh  J.  Llbwblltn  Bbadnbll,  F.Q.S. 

Wb  regret  to  annoanoe  that  Mr.  Beadnell,  who  for  nine  years 
kas  been  connected  with  the  Oeological  Survey  of  Egypt,  has 
just  retired  to  take  up  other  work  in  Egypt  He  went  direct  from 
the  Royal  College  of  Science  to  Egypt  when  the  (Geological  Survey 
of  that  country  was  established  in  1896.  In  the  Winter  of  1896-7 
he  mapped  various  portions  of  the  Nile  Valley  between  Minia  and 
Esna,  and  paid  a  flying  visit  to  the  extensive  salt  deposits  in  the 
Eastern  Desert  between  Assiut  and  the  Red  Sea.  The  following 
Summer  he  took  up  the  Abu  Roash  district,  which  had  been  described 
by  Walther  and  Schweinfurth  as  a  Cretaceous  complex  separated 
by  faults  from  the  surrounding  Eocene :  Mr.  Beadnell's  detailed 
examination  showed,  however,  that  the  junction  throughout  was  in 
reality  an  unconformable  one,  the  faults  being  entirely  within  the 
Cretaceous  beds.  The  following  year  the  examination  of  the  Libyan 
Desert  oases  was  taken  up,  Baharia  (western  portion),  Fi^rafra, 
and  Dakhla  oases  falling  to  his  share.  The  most  important  results 
of  this  season's  work  included  the  discovery  of  Cenomanian  beds  in 
Baharia  and  extensive  phosphatic  deposits  in  Dakhla.  The  uncon- 
formity between  Cretaceous  and  EooenCi  found  the  previous  Summer 
in  Abu  Roash,  was  proved  to  extend  to  Baharia. 

In  1898  he  commenced  the  examination  of  the  Faytlm,  though 
the  work  was  temporarily  suspended  to  complete  parts  of  the  Nile 
Valley  further  south.  In  1901-4  work  was  continued  at  intervals  in 
the  Faytlm,  and  systematic  excavations  for  fossil  vertebrate  remains 
were  undertaken.  During  part  of  this  time  Dr.  Andrews,  of  the 
British  Museum  (Natural  History),  was  associated  with  Mr.  Beadnell 
or  encamped  within  a  short  distance,  and  their  united  labours 
resulted  in  the  bringing  to  light  nearly  forty  new  genera  and  species 
of  mammals  and  reptiles  described  and  determined  by  Dr.  Andrews. 
A  very  large  collection  of  the  remains  of  these  animals  is  now 
exhibited  in  the  Cairo  Geological  Museum,  while  a  second  repre- 
sentative collection  has  found  a  home  in  the  British  Museum  (Natural 
History). 

Among  other  districts  Mr.  Beadnell  carried  out  topographical  and 
geological  work  in  Mogara,  Wadi  Natrun,  Eharga  Oasis,  and  the 
Nile  Valley  l)etween  Enna  and  Aswan. 

On  the  Egyptian  Geological  Survey  the  work  is  by  no  means 
confined  to  geology,  and  geologists  have  to  personally  carry  out  a  large 
part  of  the  purely  topographical  work.  He  has  been  three  times 
to  the  Sudan,  spending  altogether  nearly  a  year  in  taking  discharges 
on  the  White  and  Blue  Niles  and  the  Atbara  River  for  the  Egyptian 
Irrigation  Department.  He  has  on  two  occasions  during  the  Summer 
months  also  been  in  charge  of  a  section  of  the  Revenue  Survey. 
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I.— NOTKS  ON   THE   QbOLOQIOAL   HiSTOBT  OF  THE   YlOTOBIA    FaLLS.' 

By  O.  W.  Lampluou,  F.R.S. 

IT  is  diffiouU  for  anyone  standing  on  the  brink  of  the  Chasm, 
after  having  seen  the  placid  flow  of  the  Zambesi  above  the 
Falls,  to  believe  that  the  fissure  into  which  the  river  is  so  suddenly 
precipitated  has  been  formed  gradually  by  the  action  of  the  river 
itself,  and  not  by  some  great  convulsion  during  which  the  very 
crust  of  the  earth  was^  rent.  The  narrowness  of  the  abyss,  the 
strange  zigzags  along  which  the  tumultuous  waters  rush  after  their 
first  great  plunge,  the  mystery  which  has  long  surrounded  the 
further  course  of  the  river  after  it  swings  away  out  of  sight  among 
its  forbidding  precipices,  and  the  knowledge  that  the  rocks  across 
which  it  plunges  are  of  volcanic  origin,  are  all  factors  that  have 
aided  the  illusion.  Hence  it  is  not  surprising  to  find  that  the 
explanation  given  by  David  Livingstone  half  a  century  ago,  that 
the  majestic  Zambesi  has  here  been  intercepted  by  a  rent  due  to 
some  earth  movement  in  the  solid  rocks,  has  been  adopted  without 
question  in  all  the  later  descriptions  of  this  wonderful  spectacle. 

Meanwhile,  however,  geologists  have  been  able  to  prove  that  in 
other  parts  of  the  world,  canyons  of  even  more  impressive  dimensions 
than  this  canyon  of  the  Zambesi  have  been  carved  out  by  the  erosive 
agency  of  water  acting  through  very  long  periods  of  time ;  and  this 
view  has  very  recently  been  convincingly  advanced  by  Mr.  A.  J.  C. 
Molyneux,  F.Q.S.,  F.R.G.S.,  of  Bulawayo,  to  explain  the  Victoria 
Falls  and  Canyon.  In  Mr.  Molyneux's  able  paper  ("  The  Physical 
History  of  the  Victoria  Falls,"  Geographical  Journal  for  January, 
1905),  it  is  shown  that  the  prevalent  idea  of  a  sudden  rent  in  the 

1  A  paper  read  before  the  British  Af^sociation  for  the  AdTancement  of  Science, 
meeting  m  South  Africa,  at  Johannesburg,  August  30th,  IGOf).  Reprinted  from 
"The  Official  Guide  to  the  Victoria  Falls,"  compiled  by  F.  W.  Sykes,  Conaervator. 
(Bulawayo,  1906.) 
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earth's  orust  is  inadequate  to  explain  the  phenomena  observed  aroi 
the  Falls,  while  all  the  features  are  compatible  with  the  view  t 
the  river  has  slowly  sunk  its  channel  into  the  hard  rocks  wl 
have  barred  its  passage  seaward ;  and  that  the  great  waterfall 
been  developed  as  an  incident  in  its  long-continued  work  of  eros 
A  recent  geological  investigation  of  the  country  on  both  sidei 
the  Zambesi  between  the  Falls  and  the  Deka  River,  about  70  n 
eastward,  has  yielded  much  evidence  confirmatory  of  Mr.  Molynei 
conclusions,  of  which  we  can  here  give  only  the  barest  outlines. 

It  will  be  remembered  that  the  Upper  Zambesi  flows,  with  a  c 
paratively  gentle  course,  over  a  portion  of  the  elevated  platea 
South-Central  Africa,  and  that  when  it  reaches  the  vicinity  of 
Falls  its  bed  is  still  about  3,000  feet  above  sea-level.  But  at 
point  it  breaks  sharply  away  from  its  earlier  habit,  to  begin  a  r 
descent  across  the  mountainous  eastern  margin  of  the  continent, 
in  doing  so  its  capacity  for  erosive  work  is,  of  course,  enormo 
increased.  From  the  Falls  onward  until  it  reaches  the  coastal  p 
about  260  miles  from  the  sea,  the  river  has  sunk  its  channel  de< 
through  every  obstacle,  carving  out  narrow  defiles  like  the  Lu 
Gorge,  the  Eebrabasa  Gorge,  the  Eariba  Gorge,  and  the  can 
below  the  Falls,  to  which  the  name  Batoka  Gorge  may  be  app 
wherever  the  rocks  in  its  course  are  hard  and  resistant; 
excavating  a  wider  and  less  precipitous  valley  where  it  crosses 
outcrop  of  strata  that  perish  more  readily. 

The  whole  of  the  country  for  many  miles  on  both  sides  of 
Zambesi  between  the  mouth  of  the  Deka  and  Victoria  Falls,  and 
for  a  considerable  distance  farther  westward  is  occupied  by  1 
basaltic  rocks,  the  *  Batoka  Basalts '  of  Molyneux,  which  have  1 
poured  out  over  the  land  as  flows  of  liquid  lava  at  some  rei 
period  of  which  the  exact  position  in  the  geological  time-scale 
not  yet  been  definitely  ascertained.  Scarcely  was  one  of  t 
lava-flows  consolidated  before  it  was  overwhelmed  by  another, 
still  another,  until  the  whole  area  surrounding  this  part  of  the  co 
of  the  present  Zambesi  was  covered  to  a  depth  of  many  hundi 
in  places  perhaps  many  thousands,  of  feet  of  volcanic  material, 
slowly-cooled  central  portions  of  these  separate  lava-flows  1 
consolidated  into  the  dense  dark-blue  rocks  weathering  with  a  br 
crust  that  are  so  well  seen  in  the  precipices  of  the  existing  F 
while  their  more  quickly  cooled  slaggy  upper  portions,  once  po 
with  empty  steam-cavities,  have  formed  the  deep  red  or  pii 
*  amygdaloidal  *  bands  that  are  rendered  conspicuous  to  the  eye, 
very  interesting  to  the  mineralogist,  by  the  varied  minerals  depoi 
by  percolating  waters.  B}'  this  agency  the  cavities  have 
gradually  filled  up  with  the  beautiful  agates,  green-coated  clialced 
quartz-crystals,  and  zeolites  that  may  now  be  picked  up  so  abunda 
at  the  surface  along  the  outcrop  of  these  amygdaloidal  rocks, 
it  may  here  be  mentioned  as  of  some  interest  to  the  arch»ol( 
that  the  chalcedonic  pebbles  have  been  frequently  chipped  to  ; 
rude  cutting  tools  by  some  ancient  race  inhabiting  the  Zan 
valley,  these  relics  of  ancient  man  being  especially  numerous  or 
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jMUohes  of  old  river-gravel  that  are  exposed  aroand  the  low  rooky 
bosses  of  the  low  ground  in  the  vioinity  of  the  northern  bank  of 
the  river,  in  the  angle  between  the  Zambesi  and  its  tributary,  the 
Maramba. 

The  Batoka  lavas  in  oonsolidating  to  their  present  state  have 
developed  a  system  of  joints  or  shrinkage  oraoks  which,  together 
with  rarer  but  more  strongly  marked  lines  of  fraotare  or  '  faulting^' 
have  oonstitated  planes  of  weakness  that  have  materially  facilitated 
Uie  erosive  work  of  the  river,  just  as  they  would  be  found  to 
facilitate  the  operations  of  artifioiid  quarrying.  Both  '  master-joints' 
and  '  faults '  for  the  most  part  run  approximately  west  and  east,  and 
are  mainly  aooountable  for  the  apparent  vagaries  in  the  course  of  the 
river,  which  in  its  innumerable  windings  through  the  Batoka  Gorge 
tends  constantly  to  take  this  direction,  but  crosses  by  rectangular  or 
oblique  traverses  from  one  group  of  joints  to  another  whenever  the 
opportnnity  occurs.  The  Chasm  into  which  the  river  plunges  at  the 
Falls  is  due  to  one  of  these  lines  of  weakness  in  the  rock,  probably 
a  fault-plane,  where  a  vertical  belt  of  comparatively  soft  vein-stuff, 
including  a  seam  of  crystalline  calcite,  breaks  the  continuity  of  the 
harder  basalt  This  vein  may  be  examined  by  an  adventurous 
climber  in  the  little  kloof  at  the  eastern  extremity  of  the  Chasm ;  and 
its  presence  is  indicated  also  at  the  inaccessible  western  extremity 
by  the  existence  of  a  small  cave,  hollowed  out  by  the  surges  from  the 
lioaping  Water. 

At  the  remote  period  when  the  river  first  began  to  break  across 
the  eastern  edge  of  the  upland  plains  of  basalt,  the  more  powerful 
action  of  its  troubled  stream  in  this  quarter,  as  compared  with  its 
tranquil  course  over  the  surface  of  the  plains,  must  soon  have 
brought  about  the  development  of  rapids,  cascades,  and  finally  of 
a  great  waterfall  separating  the  two  portions  according  to  their  very 
different  working  capacity.  The  gradual  recession  of  this  waterfall 
by  the  undermining  of  its  base  and  the  breaking  away  of  its  edges, 
steadily  progressing  throughout  the  long  period  that  these  conditions 
have  ruled  in  the  Zambesi  basin,  are  the  main  factors  required  for 
the  interpretation  of  all  the  apparently  complex  phenomena  asso- 
ciated with  the  present  Victoria  Falls  and  the  Batoka  Qorge ;  indeed, 
it  is  only  thus  that  they  become  explicable.  Among  the  many 
separate  chains  of  evidence  that  strengthen  this  conclusion  none 
is  more  striking  than  the  difierent  manner  in  which  the  tributary 
streams  make  their  confiuence  with  the  main  river  above  and  below 
the  Falls.  Above  the  Falls  the  tributaries  have  had  time  to  grade 
down  their  beds  almost  to  the  level  of  the  Zambesi  itself,  so  that 
(as,  for  example,  in  the  Maramba  confiuence)  we  find  a  back-water 
from  the  main  stream  running  for  some  distance  into  the  mouth  of 
its  feeder,  which  here  occupies  a  scarcely  perceptible  valley.  Below 
the  Falls,  on  the  other  hand,  every  tributary  seems  to  emulate  on 
a  miniature  scale  the  example  of  its  mighty  ruler  and  has  sunk 
a  deep  gulch  into  the  edge  of  the  plateau  roughly  proportionate  in 
length  to  the  distance  of  its  confiuence  below  the  Falls ;  and  into 
this  gulch  it  tumbles  headlong  from  its  older  open  valley  on  the 
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,  Mdi  litU*  mtMrCtU  {llturtntinc  In  Hi  om  ohU  waj  m^ 

of  tba  olMnotarutin  to  ntagDlfloenSy  dlnlayad  bjr  tto  gtgnitia 
ftrnmnner  uid  oiiginitor.  Another  Mutlf  taywtriT>  lfa»  of 
•lideooe  ii  aAbrdod  W  th«  gndul  &111^  mnj  oi  (h*  «mle  of 
dope  ia  the  Batokk  Goig*  itaslf  m  it  !■  Itllomd  down  ban  ill 
pment  tenatnatiMi  at  the  lUU.  Han^  m  erMjiMM  naj  wet, 
UM  mlla,  oRrred  bat  m  it  www  bnt  jrMtndky,  in  ■ppuwrnrtdy 
mrpendiodUr,  bat  ev«a  kere  fbtj  an  alnady  beginnliig  to  omnliu 
down  under  tha  infinenoa  of  ths  waathet;  at  t^  diatanoe  of  a  fov 
milaa  balow  the  Falla,  whara  they  have  been  Iwiget  ezpoaed  to  tlui 
iafloenoei  the  avenge  inoKnation  fiUla  to  not  moie  than  60°,  and 
•till  fiuther  eutwaid  to  46°  or  leas ;  aod  SimIIt,  in  the  lower  paita 
^  the  Gorge,  instead  of  the  bttniliar  wall-like  linea  of  oraga,  we  find 
that  the  river  is  boanded  onlj  b;  nigged  hillNdea  wbooe  avenge 
dope  &om  oreat  to  baaa  is  oftm  n^  more  than  80°. 

Tb«  prooeaaes  that  have  operated  during  the  immaaanraUe  past 
mnat  oontinne  also  into  the  immeaanrabte  fatnia,  so  long  as  tbs 
ZMnbetn  oontinnea  to  Ihnndar  seaward  over  the  o^  of  Its  npUod 
baab.  Imperoeptible  though  the  rate  may  be  when  meaanrM  by 
the  abort  span  of  our  hnman  life,  yet  anrely  is  the  river  gnawing  its 
path  baokward  into  the  heart  of  the  ooDtinent;  and  the  geologist, 
noting  how  already  at  the  rapide  above  the  Leaping  Water  the 
trench  is  deepening  that  draws  down  more  and  more  of  the  flood 
at  the  espense  of  the  shallower  portions  of  the  Falls,  may  look 
forward  with  confidence  to  a  future  when  either  here  or  along  some 
atitl  lower  trench  at  preaent  undeveloped  the  main  trough  of  the 
river  will  become  fixed.  The  present  lip  of  the  Falls  will  then  be 
left  dry  to  form  another  'Enife-edge'  aronnd  which  the  torrent  will 
swirl  in  turmoil  as  it  paases  away  from  its  new  place  of  descent 
at  some  line  of  oraga  at  present  sabmei^;ed  under  the  placid  wsten 
of  the  upper  river. 

II. — Thk  Mount  Tori^ebsk  Annblid. 
By  F.  A.  Bathek,  M.A.,  D.Sc.,  F.Q.S.,  British  Husenin  (Natural  Histoid}. 

AMONG  the  geological  specimene  obtained  by  Mr.  H.  T.  Ferrar, 
while  the  "  Discovery  "  was  visiting  Kew  Zealand,  are  seven 
rock -fragments  containing  tubniar  sheila,  and  an  eighib  with  some 
obscure  markings.     They  are  labelled  as  follows : — 

Hu.Jl.  Anaeiidtubee?  Mt.  Torless«.    H.  T.  F.     Dec.  Bth,  1901. 

Ko.  18. 

Ko.  19. 

Ko.  20.  Scaly  maikings.  „  „  ,, 

Ko.  21.  Aanelid,     Hueller  Glacier,    rreed.  Cspt.  Button,  F.B.S. 

No.  22.  Annelid  tubes  P  Kowai  EiTer.  ,, 

Ko.  23.  ,,  WUlterforce  HiTBT.  ,, 

Ko.  24.  „  Gorge  of  the  Aahley. 

Specimen  No.  20  may  at  onoe  be-  diamiased  with  the  remark  that 
it  ia  merely  an  irregular  imprint,  showing  no  structure ;  even  tbe 
"scaly  markings"  of  the  label  appear  due  to  incipient  cleavage  of  tbe 
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micaoeons  shale  bearing  the  imprint.  It  may  represent  the  **  obsonre 
plant  remains  "  of  Hector  (1885,  p.  339).* 

The  other  specimens  are  all  representatives  of  the  fossil,  or  rather 
fossils,  long  known  to  the  geologists  of  New  Zealand  as  **  the  Mount 
Torlesse  Annelid."  This  fossil  is  so  abundant  in  certain  dark- 
coloured  slates  and  sandy  shales,  as  to  have  procured  for  them  and 
their  associated  sandstones  the  name  of  **  the  Mount  Torlesse  Annelid 
Beds  "  or  **  the  Annelid  Beds."  These  beds  are  usually  regarded  as 
the  uppermost  division  of  the  Maitai  Series,  since  they  appear  to  be 
conformable  with  the  underlying  limestones,  slates,  and  sandstones 
of  that  series.  The  fossils  found  in  the  Maitai  Limestone,  the 
basement  bed  of  the  series,  as  quoted  by  Mr.  A.  M'Kay  (1879  and 
1881)  and  by  Captain  F.  W.  Button  (1885)  are  obviously  Carbon!- 
ferons,  and,  if  correctly  identified,  should  be  regarded  as  Lower 
Carboniferous.  Unfortunately  the  country  in  which  the  undoubted 
Annelid  Beds  occur  is  much  disturbed,  so  that  the  stratigraphioal 
evidence  as  to  their  relations  is  not  free  from  uncertainty,  and  other 
beds  have,  it  is  now  known,  been  confused  with  them  in  several 
cases  (see,  for  example,  Von  Haast,  1885).  Unfortunately  also, 
the  supposed  Annelids  are  the  sole  fossils  found  in  the  beds.  Thus 
the  opinion  published  by  Mr.  M'Kay  in  1881  still  expresses  the 
truth,  namely,  that  'Hhe  placing  of  these  Annelid  beds  in  their 
<x>rrect  position  is  unquestionably  the  most  difficult  problem  that  has 
yet  to  be  dealt  with  in  perfecting  the  classification  of  the  older 
eedimentary  rocks  of  New  Zealand."  "Much  therefore,"  he  oon- 
tinnes,  "  depends  upon  the  presence,  absence,  or  correct  identification 
of  the  annelid,  which  importance  it  must  retain  until  other  and 
mpre  determinate  forms  are  discovered  "  (op.  cit,  p.  90).  Mr.  M*Eay 
•consequently  proceeded  to  give  a  brief  description,  but  up  till  now  no 
figure  has  been  published,  and  no  comparison  has  been  made  with 
other  fossils. 

The  materia],  as  recognised  by  Mr.  M'Kay,  contains  two  quite 
distinct  forms,  which,  however,  are  said  to  be  found  in  precisely  the 
same  strata.  One  of  these  is  straight  (Nos.  17,  18,  19,  21,  24),  the 
other  curved  (Nos.  22,  23).  The  former  is  the  most  widely  dis- 
tributed, being  especially  abundant  and  well  preserved  at  Ashley 
Gorge,  whence  comes  our  specimen  No.  24.  The  latter,  according  to 
M'Kay  (1881,  p.  91),  is  found  only  on  the  west  coast  of  the  South 
Island.  The  Kowai  River,  however,  whence  comes  our  No.  22,  is  on 
the  east  coast,  disembogueing  a  little  north  of  Port  Lyttelton.  With 
this  exception,  the  localities  quoted  by  Yon  Haast  (1872  A-B), 
M'Kay  (1881),  Hector  (1885  and  1892)  may  be  supposed  to  refer 
to  the  straight  form.  It  is  pointed  out  by  M'Kay  that,  although  this 
fossil  is  called  the  annelid  of  Mount  Torlesse,  and  although  a  long 
list  of  localities  for  it  has  been  published,  **  it  is  nowhere  spoken  of 
■as  actually  having  been  collected  from  Mount  Torlesse."  Hector, 
however  (1885,  p.  339),  quotes  it  from  **  the  south-eastern  end  of 
Mount  Torlesse,"  while  Mr.  Ferrar  found  it  to  be  *'  quite  abundant 
near  the  summit  of  the  hill." 

^  See  end  for  List  of  Papers  referred  to. 


fgE  S1SU8HT  lOBX.  (Tmt.  I-*.} 
lb  1I*E»  nasi,  p.  90)  daMcOMd  IfetoM  "at^Misc-l 
fltkuMiu'  bodj,  nqrl^  {rhu  on*  to  tbn*  liabw  in.  l«#h>  ft» 
glwUr  ■"*'"^"  of  th*  la^sr  ipanlmw  Mng  BOt  Mon  Akk 
«.awitar<rfaiifndi.  In  moat  mw  wfatn  ttwy  oeoar  hatwwa  ft* 
bfdtUiVP'>°^of*'>*n>^*'>V*'*  ttmad  JtUmii  lijdw  n«Mi». 
of  tha  ora^iag  •tcttutt,  bat  wkn  fooBd  lictiail  V  Ui^  iwHHd 
ta  dw  beddug  plaaw  tluj  pnanr*  thatr  oyllodridal  Ibm.  L>  Hmr 
'    1  flondUoB  tba  mllfl  of  tU  tnbo  an  nUamOj  tUok  to  itf 


XtU 
U  anqr  be  doabM  if  Hum  ham  kIwi 


ntbtod  WCT  onUiuB7  WKHUit  of  ptwram  oweiMd  ^  tlw  orcriying 

'  btdi^  wd  ttwnfim  U  nay  be  doubted  if  tba«  ham  aiwam  bean  ••■ 

calouvow  M  tiMf  now  an."    Mr.  WKif  baliena  tb«t  tiu  aaiBMla 


w««  darioff  lifo  fixed  to  ODO  plaoa,"  and  thai  the  vattiatl "  ia  tbair 


aarioffUf 
podttocu' 

1V> thtpieead!^ little oan be  added  beyond moi* pmoiae ineaaue- 
iMBto.  Ine  eieat>it  hi^fli  of  any  of  oar  apeeiawma  (So.  24,  Fig,  le) 
Is 71  mm.  (aattb  !•«  tbim&inelwa},  but  tlue  iiobTioody  inoompiela^ 
being  tranoatad  at  Ae  anuUer  end  ^  •  aUokenaided  joiat-rao^  while 
Ae  umc  end  has  bean  broken  o&  At  the  SBieUar  end,  which  ia 
mnoh  fUttSMd,  the  mMu  diametw  ia  (S-8  + 1-4}  -^  2  =  1-86  nun. 
(ss^in.).  At  the  larger  end  the  mean  diameter  is  (2'9  +  l'9) 
.f-  2  =  2'4uim.  The  rate  of  tapering,  therefore,  is  very  slight,  and 
the  same  is  the  oaae  in  other  Bpeoimena,  Sinoe  all  the  speoimens  are 
flattened  in  the  plane  of  bedding,  the  lumen  appears  aa  little  moie 
than  a  dark  line.  A  section  of  another  individual  in  Ko.  24  givei 
the  following  measurements : — Gteateat  diameter,  4-7  mm.  Least 
diameter,  1-3  mm.  Greatest  width  of  the  compressed  lumen,  27  mm. 
TbioknesB  of  tube-wall,  ou  one  side  of  lumen,  -3  mm.;  on  the 
Opposite  side,  -S  mm. ;  at  one  end,  1-3  mm.  Probably  this  last 
measurement  ia  exaggerated,  and  the  lumen  waa  really  longer 
in  this  direction.  Before  oompression,  therefore,  the  tuiw  at  this 
level  may  have  had  a  diameter  of  about  S-5  mm.  with  a  wall 
■8  mm.  thiok,  and  a  lumen  2-7  wide,  or  just  under  four-fifths  of 
the  total  diameter.  These  measurements  should  be  obeoked  from 
individuals  preserved  in  a  vertical  position,  suob  as  unfortunately  do 
not  occur  in  the  material  under  examination  ;  but  assuming  their 
approximate  correotnesB,  it  oan  soaroety  he  mainlained  that  such 
a  tube  with  its  infilling  of  fine  mud  ongfat,  however  "  oaloareons," 
to  have  resisted  the  considerable  pressure  to  which  it  has  been 
submitted — a  pressure  which  the  rook-speoimeufl  themselves,  as  well 
aa  the  published  sections  of  the  oountry,  show  to  have  been  b; 
no  means  "  ordinary  pressure  exercised  by  the  overlying  beds-" 
Consequently,  there  Is  no  reason  to  suppose  that  the  tube-wall  wis 
ever  more  homy  than  oaloareous.  As  a  matter  of  fact  Mr.  U'Kay's 
argument  starts  from  an  erroneous  assumption :  the  substance  of  Uie 
fossil  is  not  a  carbonate  or  any  salt  of  lime,  but  a  chaloedonio  form  of 
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silioa.  In  teotion  the  fossils  are  generally  somewhat  hour-glass  or 
damb-bell  shaped,  but  this  is  an  ordinary  effeot  of  oompression,  and 
there  is  no  traoe  of  lateral  ridges  such  as  charaoterise  SerpuUte$. 
Unequal  oompression  and  a  slight  tendency  to  cleavage  in  the  rock 
have  produced  inequalities  of  thickness,  but  the  general  impression 
produced  is  that  the  tubes  were  remarkably  straight  and  not  curved 
as  in  Serpula.  The  surface  appears  to  have  been  smooth,  but,  if 
anything,  irregularly  and  finely  striate  longitudinally  rather  than 
polished  (Fig.  Ic).  There  are  no  transverse  annulations,  wrinkles, 
or  striao,  but  specimen  19  shows  a  slight  transverse  swelling  at  one 
level  (Fig.  2).  The  evidence  at  hand  does  not  show  whether  the  tube 
was  closed  or  open  at  the  smaller  end.  Probably  it  was  not  operculate 
at  the  broader  end,  or  traces  of  the  opercula  would  have  been  found. 

Owing,  perhaps,  to  its  silicification,  no  microscopic  structure  can 
be  detected  in  a  thin  transverse  section  of  the  tube  (Fig.  3). 

The  specimens  of  rock,  of  which  an  average  sample  measures 
100  X  62  X  18  mm.,  contain  as  a  rule  traces  of  more  than  one 
individual,  but  they  are  not  very  closely  associated.  Since  there  are 
in  the  rock  no  other  solid  bodies  to  which  they  can  have  been 
attached,  it  must  be  inferred  that  the  tubes  were  free  and  isolated. 
While  the  evidence  of  the  vertical  specimens  suggests  that  they  were 
sedentary  and  embedded  in  the  mud,  the  still  greater  number  of 
specimens  in  the  plane  of  bedding  leads  one  to  enquire  how  and 
when  they  left  their  vertical  station. 

The  systematic  position  of  this  fossil  is  far  from  clear.  There 
seems,  indeed,  no  reason  to  doubt  the  unanimous  ascription  of  it 
to  the  Polycheeta  tubicola,  nt  least  with  as  much  reason  as 
JSerptdiies,  Comulites,  and  similar  forms ;  but  the  genus  is  not 
80  obvious.  Captain  Hutton  (1885)  has  suggested  that  certain 
annelids  from  the  Upper  Maitai  beds  of  the  Dun  Mountain  ^  are 
"perhaps  Comulites.'*  The  present  specimens,  however,  assuming 
that  they  are  of  the  same  species,  do  not  support  that  view,  since 
they  are  devoid  of  annulations  and  taper  much  less  rapidly. 

From  SerpuliteB,  as  defined  by  Mr.  K.  Etberidge,  fil.  (1880,  p.  304), 
this  species  differs  in  the  absence  of  the  lateral  ridges  and  in  its 
Btraightness.  The  genus  Serptda,  as  defined  by  Linnsdus  (Syst.  Nat, 
1758,  p.  786),  had  ''Testa  univalvis,  tubulosa,  adhasrens,  saspe 
isthmis  integris  passim  intercepta."  It  is  true  that  the  first  species 
mentioned  by  him,  Serpula  aeminulum^  *'  recedit  a  oongeneribus  quod 
libera  sit  nee  adheereat  aliis  oorporibns,"  but  this  species  cannot 
be  taken  as  the  genotype,  and  it  seems  justifiable  to  follow 
K.  Etheridge,  fil.  (1880,  p.  362)  in  regarding  adherence  as 
a  necessary  criterion  of  the  genus.  Another  feature  almost 
universally  ascribed  to  Serpula  is  the  irregular  contortion  or 
enrolment  of  the  tube.  On  both  these  counts  the  Mt.  Torlesse 
annelid  is  not  a  Serpula, 

^  Accounts  of  the  Maitai  beds  of  the  Maitai  River  and  Dun  Mountain  district 
near  Nelson  have  been  given  by  M'Kay  (1878  and  1879),  who,  however,  mentions 
only  **  Annelid  tracks'*  and  a  shell  like  Inoceramus.  But  these  beds  were  not  then 
correlated  with  the  Annelid  slates  and  sandstones  of  Westland  and  Mount  Torlesse, 
which  were  placed  in  an  underlying  Rimutaka  series  (see  Hector,  1878). 
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The  annelids  secreting  firm  oaloaieons  tabes  do  not,  howeTsr, 
appear  to  famiBh  anj  other  genns  with  which  oomparison  would 
be  profitable,  and  in  general  appearanoe  this  fossil  most  nearly 
resembles  certain  fossils  rightlj  or  wronglj  assigned  to  Ssfjwto. 
It  is  not  the  Mesozoio  or  Gainosoio  spedes  that  it  in  any  way 
resembles,  bnt  certain  Paladozoio  species,  and  of  all  these  tlM 
resemblance  appears  closest  to  the  Oarboniferons  fossil  named 
Benialimm  indiBttneivm  by  Fleming  (1826)  and  Asrpida  ecmprMa 
by  J.  de  0.  Sowerby  (1829).  Tiiat  species,  however,  which 
certainly  agrees    with   Serpula   in   its   irregular   ourvatnre,  and 

5robably  in  its  partial  attachment,  further  differs  from  the  Monnt 
^orlesse  fossil  in  the  more  rapid  tapering  and  its  relative  tennity 
of  its  tnbe-wall,  notwithstanding  the  fact  that  the  wall  is  described 
as  **  thick."  It  is  thick  relatively  to  the  Palnozoic  serpnloids,  which 
therefore  need  not  further  be  brought  into  comparison. 

It  is  probable,  and  has  thus  far  been  assumed,  that  the  tube  of  this 
fossil,  though  now  ohalcedony,  was  originally  a  firm  calcareous 
secretion,  a  view  confirmed  by  the  composition  of  the  other  Mount 
Torlesse  fossiL  There  is,  however,  just  the  possibility  that  the 
tube  was  an  aggregate  of  sand-grains  as  in  Terd^la.  The  tubes 
of  the  various  species  of  that  genus  differ  from  the  present  fossil 
in  their  irregular  growth,  while  the  calcareous  sand-grains  of 
which  they  are  composed  are  certainly  coarser  than  any  which 
could  possibly  have  entered  into  the  composition  of  the  New 
Zealand  fossil.  A  much  closer  resemblance  is  presented  by  tubes 
from  the  Yakutat  Slates  of  Alaska,  recently  described  by  Mr.  E.  0. 
Ulrich  (1904,  p.  132)  as  Terehellina  Falnchei,  gen.  et  sp.  nov. ; 
indeed,  some  of  bis  figures  (pi.  xi,  figs.  2,  5)  might  almost  serve 
OS  illustrations  of  our  specimens.  Terehellina  is  thus  diagnosed : — 
**  Long,  subcylindrical,  gently  curved  and  rather  thick-walled  tuhes, 
acuminate  below;  surface  obscurely  striated  transversely.  Tubes 
composed  of  cemented  minute  siliceous  grains."  These  grains  are 
**  essentially  the  same  as  those  of  the  arenaceous  shale  in  which  " 
the  fossils  **  are  found,"  but  are  **  of  more  uniform  and  larger 
average  size  in  the  tubes  than  in  the  matrix."  The  length,  the 
very  gradual  tapering,  and  the  thickness  of  the  wall  ("aboot 
two-thirds  of  the  diameter  is  taken  up  by  the  central  hollow") 
are  all  points  of  resemblance  to  our  fossil.  It  is  fuilher  note- 
worthy that  in  Alaska  as  in  New  Zealand  these  peculiar  worm-tabes 
serve  to  correlate  exposures  of  slate  of  undetermined  age  in  widely 
separated  localities,  and  that  the  only  other  fossils  are  supposed 
fucoids  and,  in  one  locality,  a  peculiar  concentrically  ribbed 
Inoceramus-like  shell.  The  Alaskan  shell  is  named  Inoceramjia 
by  Mr.  Ulrich,  to  express  his  opinion  that  it  is  intermediate 
between  Poaidonomya  and  Inoceramns.  On  the  evidence  of  all 
these  fossils  Mr.  Ulrich  assigns  the  Yakutat  Slates  to  a  Liassio 
age.  But,  although  it  would  be  important  as  well  as  ouriously 
interesting  to  identify  the  Mt.  Torlesse  annelid  with  TereheUiwi, 
this  course  does  not  appear  possible.  Apart  from  the  absence  of 
any  structure  suggesting  a  similar  constitution  of  the  tube-waU, 
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there  are  differences  in  the  absence  of  curvature  and  in  the  signs 
of  a  longitadinal  rather  than  a  tmnsverse  striation. 

We  oome  then  to  the  conclusion — particularly  unfortunate  for 
the  stratigrapher — that  the  straight  annelid  of  Ml:.  Torlesse  cannot 
be  ranged  with  any  established  gHUus.  Although  further  information 
18  desirable,  still  it  may  be  well  to  draw  attention  to  the  fossil  by 
^▼ing  it  a  name : — 

ToRLESSiAy  gen.  nov. 

A  tnbicolous  Polychast,  of  which  the  tube  is  unattached,  straight, 
'very  slightly  tapering,  circular  or  elliptical  in  section,  and  with 
relatively  stout,  unridged,  (originally)  calcareous  walls  (circa  one- 
4enth  diameter) ;  habitat,  vertical  in  marine  mud. 


ToKLBssiA  Mackayi  and  Dentauvm  Huttoni. 

1.  Torleuia  Mackayi^  No.  24.     a^  natural  size;  b^  section;  e^  portion  of  surface, 

to  Htaow  striic,  x  4  diam. 

2.  T.  Maekayi,  No.  19.    Natural  size. 

.3.  T,  Mackayi,  No.  19.     Transverse  section  from  another  individual,  x  4  diam. 
4.  Dentalium  Huttoni,  No.  22.     a,  a  shell  lying  on  its  side,  nat.  size ;  b,  larger 

aperture  of  same,  showing  rid^,  x  4  diam. 
•5.  D.  Huttoni,  No.  22.    Another  shell  lying  with  the  smaller  curve  uppermost, 

nat.  size. 

6.  D.  Huttoni,  No.  22.     Section  of  another  shell  as  seen  on  the  surface  of  the  stone, 

probably  not  quite  transverse,  and  partly  crushed,  x  4  diam. 

7.  D.  Huttoni,  No.  23.    a,  the  largest  individual  on  the  stone,  nat.  size ;  b,  a 

portion  showing  the  ridges,  x  4  diam. 

Genotype,  Torlessia  Mackayi,  n.sp. 

Surface  smooth  or  with  faint  longitudinal  striation ;  description  as 
above. 


OW       lk»  V*  A>  JEMi0r-^Ji0  MmU  JMtm  AimHiik 


Thit  tmadtHim.  of  lb,  kVnwAm  If TTirt  uum  iiftb  tfcfa  wamlm 
nqauM  no  jmrtifioiftkNm  as  tfda  is  om  <I  tlii  nit  cmm  im  wMdh. 
thft  admtioa  of  a  penonikl  mim  0MT«yt  a  nwwiiwg  wUA  h  w^ 
liUffiidnig. 

Hololype:  Speciaioft  No.  31  of  Mr.  Bteni't  li^  HcalTr 

U^  1%  and  81  also  balong  to  this  apaoiai. 

Hotiaon:  Probdblj not  betow Upfmr OariKmiCBioaa aad »o4 ab^ 
Trias  (sea  Yon  Haa8t»  1887). 

Looalitiea :  AsUej  Goige  (liololfpa)^  Knallar  Glaolart  Kt  Torlssae^ 
and  manj  othsr  plsoas  in  New  Zeafai^  eqpaoially  Hot!  and  8ati^r»» 
oonntiaa  (aaa  Haotor»  1885  and  18M). 

THE  OUBYBD  FOBX.    (Ites.  M.) 

This  has  not  hitherto  been  deaoribed.  It  is  represented  hr 
mdmens  22  snd  28,  both  ooUeoted  by  Osptain  Hntton.  Nou  2^ 
from  the  Eowai  BiTer»  is  a  water*wom  pebble  from  whioih  one* 
quarter  has  been  broken  away.  The  sobstsnoa  of  the  pabUa  ii 
a  very  hard  dark*grey  shale,  weathered  greeniah.  It  ia  ISnua* 
thiok,  80mm.  long,  and  68mm.  wide.  On  one  of  the  flat  aarfimaa, 
oooujpying  an  area  about  62mm.  Ions  x  60mm.  wide,  are  the 
remains  of  nineteen  individnals,  of  whioh  the  moat  complete  meaaans- 
19*8  mm.  along  the  ohord  of  tha  oonre  (Fig.  4).  Na  28,  from  Oe 
Wilberforoe  Biver,  is  a  fragment  of  hard  blaok  shsle,  iron-stainad, 
slightly  oontorted,  elickensided  at  one  end,  and  with  nnmeroos- 
oraoke  filled  with  eilioa.  It  is  14  mm.  thiok,  96  mm.  long,  and 
abont  40  mm.  wide.  One  flat  surfaoe  is  slightly  water*wom  and 
displays  the  remains  of  three  individuals,  of  whioh  the  most 
oomplete  measures  28-5  mm.  along  the  chord  of  the  ourve  (Fig.  7). 
In  both  specimens  the  substance  of  the  fossils  is  silicified. 

The  above  numbers  suggest  that  these  animals  were  more 
gregarious  than  Torlessia  Mackayi, 

In  No.  22  the  shells  lie  in  all  positions :  most  are  in  the  plane 
of  bedding,  either  on  their  sides,  or  with  the  concave  ourve  op» 
or  with  it  down ;  a  few,  of  which  only  a  transverse  seotion  is 
seen,  appear  to  lie  at  an  angle  to  the  plane  of  bedding.  Thoae 
which  lie  in  the  bedding-plane  are  compressed,  and  the  side  that 
happens  to  lie  uppermost  is  usually  pressed  inwards  so  as  to  make 
the  transverse  section  approach  a  semicircle  or  even  a  oreeoent 
That  this  is  an  effect  of  pressure  is  further  shown  by  the  fact 
that  the  transverse  sections  mentioned  above  are  more  circular  in 
outline. 

The  individual,  19*3  mm.  long,  on  specimen  22,  lies  on  its  side, 
having  the  uppermost  side  crushed  in,  as  above  described,  over 
the  middle  of  its  course,  but  partly  broken  away  at  the  ends. 
The  larger,  convex  curve  has  a  radius  of  12  mm.  (a  trifle  over 
that  of  a  shilling).  The  smaller,  concave  ourve  has  a  radius  of 
about  7*6  mm.,  but  is  not  so  nearly  a  segment  of  a  true  oirde. 
llie  outside  diameter  of  the  tube  at  a  little  distance  from  the 
larger  end  is  about  4*3  mm.,  but  since  this  end  is  broken,  the 
diameter  at  the  wider  aperture  cannot  have  been  less  than  5*3  mm.. 
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fran  wfaioh  perhaps  a  little  should  be  dedaoted  for  the  flattening. 
At  the  smallw  end  the  ootside  diameter  is  1*6  mm.  The  thickneMB 
ci  the  tobe-wall  at  the  larger  end  is  not  less  than  *8  mm. ;  at  the 
smaller  end  it  was  rather  thinner.  It  is  doubtfal  whether  the 
transTerse  section  was  oircular ;  it  may  have  been  slightly  polygonal^ 
The  inner  wall  of  the  tube  is  smooth,  but  the  outer  wall  was  oovered 
with  about  fourteen  slight  but  distinct  longitudinal  ribs  (Fig.  4b), 
These  are  almost  or  entirely  worn  away  from  the  exposed  surfaces, 
hot  are  seen  in  section,  and  often  on  the  impressed  portions  of  the 
outer  wall. 

The  three  fragments  preserved  in  specimen  23  all  appear  to  have 
belonged  to  individuals  rather  larger  tlinn  those  in  No.  22.  They 
are  much  ^om,  and  the  tubes  appear  to  have  been  filled  with 
a  gpreenish  chalcedony  rather  than  with  shale.  The  ribs  are  shown 
in  each  of  them,  and  very  plainly  in  the  largest,  where  three  of  them 
occupy  a  width  of  1'2  mm.  (Fig.  76). 

Of  this  form  also,  the  systematic  position  is  not  free  from  doubt. 
Hitherto  it  hsH  generally  been  regarded  as  the  tube  of  an  annelid, 
but  to  this  there  are  certain  objections.  The  shell,  for  instance, 
seems  rather  too  stout  and  too  regularly  curved.  Its  general  shape 
reminds  one  of  Comtdites,  to  which  Captain  Button  referred  some 
tubular  fossil  (loa  cit.  supra),  but  it  is  ribbed,  not  annulate.  If  an 
annelid  it  would  be  suggestive  of  a  far  later  age  than  that  to  which 
stratigraphical  evidence  would  assign  it.  Short,  curved  annelid 
tubes  with  longitudinal  ribs  do  not  seem  to  occur  before  the  Lias, 
in  which  epoch  there  lived  "  SerptUa  **  quinquecriatata,  Goldf., 
**  8.*'  ietragonOf  J.  de  C.  Sow.,  and  8.  quadrilatera.  Serpula 
heptagona,  Sow.,  from  the  Barton  Beds  of  the  Upper  Eocene,  is 
a  similar  form.  But  the  most  suggestive  are  the  tubes  from  the 
Maestriohtian  Chalk,  now  referred  to  Denis  de  Montfort's  rather 
problematical  genus  Pyrgopolon  (1808),  e.g.  P.  de/orme  (Lam.)  and 
P.  ciplyana,  Byckholt  But  none  of  these  real  or  supposed  annelid 
tabes  has  the  same  regularity  of  shape  as  appears  to  have  been 
possessed  by  the  present  fossil.  And  if  not  an  annelid,  the  conclusion 
is  inevitable  that  it  is  the  shell  of  a  Scaphopod,  probably  of  the 
genus  J)entcUium  (sens.  lat.).  Since  that  genus,  or  some  close  ally 
thereof,  has  persisted  from  Devonian  times  to  the  present,  this 
conclusion,  while  throwing  no  fresh  light  on  the  age  of  the  rocks, 
is  at  least  in  harmony  with  other  evidence.  Several  species  of 
Dentalium  or  its  subgenus  EntaliB  have  been  recorded  from  Carboni- 
ferous rocks.  Since  the  habitat  of  Dentalium  is  in  marine  mud,  this 
conclusion  further  agrees  with  the  evidence  afforded  by  TorleBsia, 
The  fact  that  the  stereom  has  been  converted  into  silica  renders 
inapplicable  the  argument  from  its  arragonite  or  calcite  constitution, 
and  also  prevents  the  investigation  of  its  microscopic  structure. 

The  tubes  show  no  trace  of  slits  at  either  end,  so  that  it  is 
legitimate  to  leave  them  in  the  genus  Dentaliumf  even  as  now 
restricted  (see  Simroth,  1895,  p.  458).  Among  the  species  of 
Dentalium  (sens,  lat.),  both  recent  and  fossil,  the  one  to  which  the 
present  form  seems  to  bear  most  resemblance  is  D.  formosum,  Adams 
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and  Beeve,  from  the  Ohina  aeaB*  smoe  that  tapen  xather  t^Skj  and 
has  Idngitodinal  ribs  of  about  the  same  degree  of  coaneaeaa.  TM 
apedea,  however,  has  an  apioal  flsanre,  is  mnoh  atraigfaler,  uA 
narked  with  transverse  lines  of  growth.  None  of  the  Carbonifeioai 
apeoies  are  so  ooarsely  marked  as  the  present  one.  It  seems  neoeswy, 
therefore,  to  establish : — 

Dbntaliuu  HuTTom,  n.sp. 

A  i>0ntaItKiii  (or  allied  genus)  of  whioh  the  sheU  tapers  rapidly 
{from  25  to  7*5,  length  being  taken  as  100)  and  is  stronglj  onrved 
(radius  of  outer  curve  being  eirea  12  mm.),  with  about  fourteen 
distinct  longitudinal  riba. 

Here  too  the  name  of  the  oolleotor  and  donor  of  the  speoimeos 
deiioribed,  the  lamented  New  Zealand  geologist  who  himself  alluded 
to  them  in  his  published  writings,  seems  highly  appropriate  for  the 
trivial  appellation.^ 

Holotype :  Speoimen  No.  22  of  Mr.  Ferrer's  list  (Fig.  6). 

Horizon :  Said  to  be  the  same  as  that  of  Tarleatia  Maekaifi. 

Localities:  Eowai  Biver  (holotype),  Wilberforoe  Biver  (No.  2S), 
and  west  ooast  of  the  South  Island  (fide  H'Kay),  all  in  New 
Zealand.  Perhaps  this  is  the  same  spedea  as  was  found  in  the 
Haitai  Series  of  the  Taipo  ranges  by  &  H.  Cox  (1877,  p.  78)  and 
referred  by  him  to  Dentalium ;  but  it  is  not,  of  course^  Uie  same  as 
any  of  the  IknidUum  from  much  later  rooks  recorded  by  H'Kay 
(1877,  pp.  101, 110,  116,  117). 

I  am  indebted  to  my  colleagues  Mr.  Edgar  Smith  and  Mr.  G.  0. 
Griok  for  kindly  looking  at  these  obscure  fbssils,  and  for  raising  no 
objection  to  the  systematic  position  here  proposed  for  ihem. 

PAPERS   SPECIALLY  REFERRED   TO. 

<By  "Explor.  Rep."  is  meant  "Reports  of  Geological  Explorations*'  published  by 

the  Geological  Survey  of  New  Zealand.) 

€ox,S.H.   1877.   **ReportonWe8tland District":  Explor. Rep.,  1874-76,pp.63-93. 
Ethbridgb,  R.,  fil.     1880.    "A  Contribution  to  the  Study  of  the  British  Carboni- 
ferous Tubicolar  Annelida"  :  Geol.  Mao.,  Dec.  II,  Vol.  VII,  pp.  109-115, 

171-174,  215-222,  258-266,  304-307,  362-369,  PI.  VII  (contains  all  requisite 

references  to  other  literature). 
Haast,  J.     1872  A.     **  Report  on  the  Geology  of  the  Malvern  Hills":   Explor. 

Rep.,  1871-72,  pp.  1-85,  map  and  6  pis.  of  sections  (see  pp.  5,  6,  79). 
Haast,  J.     1872  B.     **  Notes  on  the  Geolo^  of  the  Glentui,  a  branch  of  ihe  River 

Ashley,  Prorince  of  Canterbury**:  Explor.  Rep.,  1871-72,  pp.  85-88,  and 

1  pi.  of  sections. 
Haast,  J.  von.     1879.     **  Geology  of  the  Provinces  of  Canterbury  and  Westland, 

New  Zealand."     8vo;  Christchurch,  N.Z.    Chapter  %-ii:  The  Mount  Torlease 

Formation,  pp.  266-280  (see  p.  275). 
Haast,  J.  von.     1885.     '*  On  the  Geological  Structure  of  the  Southern  Alps  of  New 

Zealand,  in  the  Provincial  Districts  of  Canterbury  and  Westland  " :  Trans. 

N.Z.  Inst.,  xvii,  pp.  332-337  (see  top  of  p.  835). 
Haast,  J.  von.     1887.     **  Notes  on  the  Age  and  Subdivisions  of  the  Sedimentary 

Rocks  in  the  Canterbury  Mountains,  based  upon  the  Palteontological  Researches 

of  Professor  Dr.  C.  ^Baron  von  Ettingshausen,  etc." :    Trans.  N.Z.  Inst., 

xix,  pp.  449-451. 
£Hector,  J.J     1878.    Appendix  [list  of  fossiliferous  localities]:    Explor.  Bep., 

1877-78,  pp.  189-210. 

1  See  p.  676. 
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^^CTos,  J.     1885.    '*  Note  on  Geological  Structuie  of  the  Canterbury  Mountains  " : 

^      Trans.  N.Z.  Inst.,  xrii,  pp.  337-340. 

^tCTOB,  J.     1892.     "  Index  to  Fossiliferous  Localities  in  New  Zealand  *' :  Explor. 

R^.,  1890-91,  pp.  120-178  (see  pp.  15.5,  162). 
HiTTTOK,  F.  W.     1 877.     **  Report  on  the  GeoloQr  of  the  North-East  portion  of  the 

South  Island,  from  Cook  Straits  to  the  Kakaia" :  Explor.  Rep.,  1873-74, 

pp.  27-58,  map  and  3  pis.  of  sections  (see  p.  33). 
Hrrrox,  F.  W.     1886.     **  Sketch  of  the  Geology  of  New  Zealand  " :  Quart.  Joum. 

Geol.  Soc.,  xli,  pp.  191-220  (see  p.  201). 
M'Kat,  a.     1877.    **  Reports  relative  to  Collections  of  Fossils  made  on  the  West 

Coast  District,  South  Island":    Kxplor.  Rep.,  1873-74,  pp.  74-115  (see 

p.  80.    On  p.  101  is  recorded  **a  large  Denialium    ...     4  inches  long 

.     .     .    ^  an  inch  thick     .     .     .     smated  longitudinally."     On  p.  110  is 

mentionea  *'  a  small  Bmtalium"    See  also  pp.  116,  117). 
M*Kat,  A.     1878.    "ReportontheWairoa  and  Dun  Mountain  Districts":  Explor. 

Rep.,  1877-78,  pp.  119-159,  map  and  sections  (see  pp.  132,  137,  158). 
M'Kat,  a.     1879.     **The  District  between  the  Wairau  and  Motueka  Valleys"  : 

Explor.  Rep.,  1878-79,  pp.  97-121  (see  p.  117). 
M'Kat,  a.      1881.      ''On  the  Older  Sedimentary  Rocks  of  Ashley  and  Amuri 

Counties":  Explor.  Rep.,  1879-80,  pp.  83-107. 
SiMROTH,  H.     1894-95.     **  Scaphopoda  "  :  Bronn's  Thier-Reich.,  iii,  pp.  366-467, 

pis.  xviii-xxii.     (Bibliography  on  p.  367.) 
TJlbich,  E.  0.     1904.     **  Fossils  and  Age  of  the  Yakutat  Formation.    Description 

of  Collections  made  chiefly  near  Kadiak,  Alaska  " :  Harriman  Alaska  Exped., 

iv,  pp.  126-146,  pis.  xi-xxi  (see  p.  132  and  pi.  xi). 


III. — On  the  pbobablb  Pelean  Origin  of  the  Felsitio  Slates^ 

OF  Snowdon,  and  their  Metamorphism. 

By  J.  R.  Dakyns,  M.A.,  and  Edwakd  Greenly,  F.G.S. 

Part  I :   By  J.  R.  Dakyns,  M.A. 

rERE  are  several  kinds  of  acid  volcanic  rocks  in  Wales.     In  the 
neighbourhood  of  Snowdon  there  are  at  least  five  kinds,  as 
follows : — 

1.  There  are  undoubted  lavas,  showing  lines  of  viscous  flow  and 
sometimes  vesicular,  and  weathering  into  cubical  blocks.  Such  may 
be  seen  on  Crib  Goch  and  on  Crib  Yddysgl,  on  Cerrig  Cochion,  and 
elsewhere.     These  rocks  are  rarely  cleaved. 

2.  There  are  rocks  like  the  last  as  to  fracture  and  mode  of 
weathering,  but  which  are  neither  viscous  nor  vesicular.  They  are 
probably  masses  of  felsitic  dust  or  mud.  Such  may  be  seen  in 
Cwm  Llan. 

3.  There  are  also  massive  felstones,  rudely  cleaved,  such  as  form 
Moel  Meiroh  and  Clogwyn  Llwyd. 

4.  There  are  the  so-called  ashes  of  various  kinds,  usually  well- 
bedded  and  often  highly  cleaved. 

5.  Lastly,  there  are  highly  cleaved  felsitio  rocks,  which  show  no 
lines  of  viscous  flow,  are  generally  unbedded,  and  which  are  in 
many  places  fragmentary.  They  are  markedly  different  from  the 
undoubted  unoleaved  lavas  with  which  they  are  in  some  places 
associated  ;  and  though  not  readily  to  be  distinguished  from  cleaved 
lavas  they  are  so  often  obviously  fragmentary  that  I  cannot  but 
consider  them  to  be  mainly  of  clastic  origin. 

With  reference  to  these  rocks  Mr.  Greenly  wrote  to  me  im- 
mediately after  the  meeting  of  the  British  Association  at  Southport 
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in  1908,  saying  that  he  thought  the  voloanio  eniptions  in  the  Wait 
Indies  tlirew  some  light  on  their  origin.  Henoe  this  paper,  in  whioh 
he  sets  forth  his  views  on  the  subject  He  proposed  that  we  shoald 
write  a  joint  paper,  but  I  did  not  see  my  way  to  doing  this,  as  I  hid 
no  definite  area  mapped,  and  had  not  separated  the  oleayed  feUitio 
rooks  of  doubtful  character  from  the  undoubted  lavas  and  ashes. 

I  ought  to  say  that  the  rocks  like  felsites  in  which  I  found  fossils 
in  1900  occur  in  the  calcareous  felspathic  ashy  series  near  the  biae 
thereof ;  but  are  coloured  pink  on  the  Geological  Survey  map  as  part 
of  the  lower  Snowdouian  felstones.  I  have  since  then  found  fossils 
in  another  locality  in  an  area  so  coloured,  but  not  in  a  rock  looking 
like  a  felsite.  The  fossils  which  I  found  in  such  a  rock  in  1900 
were  kindly  named  for  me  by  Mr.  £.  T.  Newton.  They  were 
Strophomena  and  Orthia ;  but  the  specimens  were  too  poor  for 
specific  determination.  The  day  after  finding  these  fossils  1 
discovered  a  small  area  of  slaty  rocks  containing .  fossils,  from 
1,000  to  1,300  yards  west  of  the  summit  of  Moel  Meirch,  and 
entirely  surrounded  by  the  felstone  of  which  that  hill  is  composed, 
llie  relation  of  the  fossiliferous  rocks  to  the  felstone  is  not  dear. 
I  suppose  it  to  be  an  outlier,  possibly  faulted,  of  the  calcareous  ashes 
whioh,  according  to  the  Geological  Survey  map,  overlie  the  felspar 
of  Moel  Meiroh. 

Though  I  have  not  finished  mapping  any  well-defined  area 
occupied  by  the  cleaved  felsitic  rocks  which  form  part  of  the  lower 
Suowdonian  felsites,  I  may  point  out  some  of  the  places  where  they 
oociir  and  also  places  where  they  are  of  a  fragmentary  character. 
Cleaved  felsites  ooour  in  Cwm  Llan,  extending  from  Lliwedd  past 
(ir^uallt  and  along  the  lower  slopes  east  of  Graig  Wen.  Their 
IV.igmentary  character  is  well  seen  in  Cwm  Llan  near  the  Gladstone 
monument.  How  like  these  rocks  are  in  some  places  to  the  over- 
lying ashes  is  shown  by  the  fact,  mentioned  in  the  Geological 
Survey  Memoir  on  North  Wales  (p.  151  of  the  second  edition), 
that  Mr.  Selwyn  had  great  difficulty  in  drawing  a  line  of  demarcation 
hot  ween  them  on  the  side  of  Cwm-y-llan  near  Yr  Aran.  It  seems 
to  me  that  the  chief  distinction  in  many  places  between  the  two  sets 
of  rock  is  that  one  is  generally  bedded  and  the  other  not.  Though 
I  have  failed  to  find  anything  like  stripe  or  lamination  due  to 
boilding  among  the  cleaved  felsites  of  Geuallt,  yet  I  have  noticed 
a  set  of  features,  roughly  parallel  to  the  bedding  of  the  ashes, 
running  across  the  southern  face  of  the  hill.  These  are  very 
conspicuous  in  a  good  light,  and  are  suggestive  of  bedding;  but 
they  may  be  due  to  jointing.  Cleaved  felsites  also  extend  from 
l>ryn  Gwynant,  past  Llyn  Du  and  Hafod  Owen.  Their  fragmentary 
cliaracter  is  well  marked  in  Coed  Eryr  and  Coed  yr  Odyn.  After 
crossing  the  line  of  the  north-westerly  fault  at  Perthlwyd,  the  rock 
forming  the  mountain  between  Llyn  y  Ddinas  and  Nant  y  Mor  is 
felstone  of  the  compact  type,  like  that  of  Crib  Goch,  and  is  in  places 
spherulitic.  Cleaved  felsites  also  occur  in  the  outlier  of  felstone 
above  Gelli  lago.  The  greater  part  of  this  outlier  is  compact 
unoleaved  felstone  with  lines  of  viscous  flow;  but  a  small  portion  of 
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<it  is  a  oleaTed  rook  of  a  qaite  different  cbaraoter,  and  in  oonneotion 
with  ihie  there  is  some  bedded  rook.  I  have  not  yet  made  oat  the 
velation  of  these  two  kinds  of  felsite  to  one  another.  There  are 
probably  some  nndeteoted  faults,  for,  to  mention  only  one  place 
where  snob  may  ooour,  at  the  north-east  end  of  the  outlier  shown  on 
the  map  the  underlying  grits  are  dipping  eastward  so  as  to  pass 
-OMT  the  felstone  or  abut  against  it.  The  junction  of  the  felstone 
here  with  the  sedimentary  rooks  is  more  like  the  junction  of  an 
intmsiTe  rook ;  but  possibly  this  appearance  may  be  due  to  faulting. 
There  are  other  difficulties  about  this  small  outlier  and  also  with 
the  base  of  the  felstone  near  Hafodydd-brithion,  which  I  pass  over,  as 
they  have  nothing  to  do  with  the  cleaved  felsites  which  are  the 
sobject  of  Mr.  Qreenly's  paper. 

Part  II :  By  Edward  Oreemlt.' 
Introduction, 

Every  geologist  who  has  visited  Snowdon  must  have  observed 
that  very  large  masses  of  highly  cleaved,  yet  felsitic,  rocks  enter 
into  the  structure  of  the  mountain,  in  addition  to  the  unmistakable 
felsitic  lavas  and  bedded  calcareous  ashes. 

These  rocks,  which  for  conciseness  may  be  called  the  'Felsitic 
Slates,'  are  conspicuous  along  most  of  the  ordinary  approaches, 
except  from  Llanberis.  The  path  from  Pen-y-gwryd  passes  across 
them,  and  so  does  that  from  Beddgelert :  they  form  the  sharp  ridge 
of  Llechog,  south  of  Cwm  Clogwyn,  and  the  great  dark  precipices 
of  Lliwedd  overlooking  Llyn  Llydaw  are  largely  composed  of  them. 

They  are  dense,  hard,  splintery  rooks ;  intensely  cleaved,  and  yet 
with  the  light  weathering  of  a  felsite,  and  also  on  fresh  fractures 
their  pale  bluish-green  matrix  has,  in  spite  of  the  strong  cleavage, 
a  decidedly  felsitic  aspect,  while  their  cleavage  laminaa  are  per- 
ceptibly translucent  at  the  edges.  Small  squarish  crystals  of  felspar, 
from  1*0  to  1*5  mm.  long,  are  generally  present  and  often  abundant 

Most  writers  on  Snowdon  have,  discreetly  perhaps,  said  very 
little  about  them,  for  they  are  very  unpromising-looking  rocks. 
Sir  A.  C.  Bamsay  and  Mr.  Selwyn,  however,  having  to  survey  the 
-country,  were  obliged  to  deal  with  them  in  some  way,  and  they 
have  included  them  on  the  maps  with  the  lower  or  principal  felsitic 
lavas,  with  which  they  are  coloured  and  lettered  *F.*  Moreover, 
in  the  memoir  (Geol.  North  Wales,  2nd  ed.,  pp.  150-1)  the  intense 
•cleavage  is  thus  referred  to  :  ''On  the  ridge  of  Lleohog,  west  of  the 
peak  of  Snowdon,  the  felspathio  porphyry  is  curiously  cleaved,  or  at 
least  very  closely  jointed ;  and  so  marked  is  this  above  Cwm-y- 
Ologwyn  that  it  is  difficult  at  first  to  believe  that  it  is  part  of  the 
very  same  slaggy-looking  masses  previously  described.  So  com- 
pletely is  the  appearance  of  the  felstone  of  Lleohog,  and  of  the  cliff 
below  the  peak  of  Snowdon,  modified  by  this  structure,  that  there 

^  All  the  field-work  upon  which  this  paper  is  founded  is  by  Mr.  Dakyns.  I  have 
only  visited  the  ground  a  few  times. — £.  G. 
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18  the  utmost  difficulty  in  fixing  on  a  boundary-line  between  it  and 
the  overlying  ash,  both  being  felspathic  and  both  cleaved  and 
jointed.  It  is  difficult  to  recognise  the  probability  of  intense 
cleavage  being  induced  in  a  rock  that  has  been  melted,  accustomed 
as  we  are  to  consider  that  cleavage  of  this  nature  is  confined  to 
stratified  rocks.  Less  than  two  miles  from  this  spot,  on  the  sides 
of  Cwm-y-llan,  near  Yr  Aran,  the  same  structure  is  remarkable, 
and  it  was  not  till  after  repeated  visits  and  much  study  on  the  spot 
that  Mr.  Selwyn  was  enabled  to  draw  the  lines  of  demarcation 
between  the  ashes  and  the  felspathic  porphyry." 

Mr.  Harker,  in  describing  the  rhyolitic  lavas,  refers  merely  to  an 
'  incipient '  or  *  imperfect '  cleavage,*  distinguishing  it  from  the  fine 
platy  jointing  and  fluidal  structure ;  and  it  is  evident,  therefore, 
that  he  is  not  referring  to  these  rocks,  in  which  the  cleavage  is 
correctly  described  by  Bam  say  as  *  intense.' 

Evidence  of  Clastic  Origin, 

In  this  Magazine  for  June,  1900,  p.  268,  in  a  paper  on  ''First- 
fruits  of  a  Geological  Examination  of  Snowdon,"  Mr.  Dakyns 
described  these  felsitio  slates,  distinguishing  them  from  the  other 
components  of  the  lower  felstones.  He  pointed  out  that  in  many 
places  they  can  be  seen  to  be  fragmental  (giving  localities),  and 
that  these  obviously  fragmental  rocks  are  part  and  parcel  of  the  fine 
felsitic  slates.  He  also  drew  attention  to  the  absence  of  bedding, 
a  character  which  we  shall  consider  further  on.  We  may  add, 
perhaps,  that  were  these  rocks  felsitic  lavas,  abundant  traoes  should 
be  found  of  the  fluidal  and  also  of  the  spheroidal  structures  that  are 
so  frequent  in  the  true  lavas.  Cleavage  would  not  have  obliterated 
these  throughout  so  large  a  mass  of  rock.  In  the  paper  quoted  some 
microscopical  evidence  was  also  adduced,  the  most  important  part 
of  which  was  that  the  felsitic  slates  contain  a  considerable  quantity 
of  calcite,  whereas  the  felsitic  lavas  have  in  no  case'^  yielded  more 
than  '34  per  cent,  of  linie.^ 

Ke-examination  of  tho  same  material  has  shown  that  some  of  the 
**  small  aggregates  with  igneous  structure  "  are  really  felspars  which 
have  undergone  a  peculiar  kind  of  alteration.  But  to  this  we  shall 
revert  in  describing  the  metaniorphism.  Besides  these,  however, 
there  are  oval  bodies  consisting  of  felspars  bound  together  by  iron 
oxide  and  indeterminate  brown  matter,  which  probably  represents 
a  more  basic  glass,  and  these  appear  to  be  genuine  lapilli.  The  fine 
matrix  is  far  too  much  deformed  and  indeed  reconstructed  to  retain 
any  trace  of  its  original  texture,  except  under  the  sheltered  *  lee ' 
of  some  of  the  larger  felspars,  and  in  these  parts  smaller,  subangular 
felspars  can  be  seen  which  have  the  aspect  of  broken  grains. 

The  conclusion  arrived  at  by  Mr.  Dakyns  in  his  paper  of  Jane, 
1900,  was  that  the  rock  was  a  felsite  tuft'  or  dust. 


1  ''  liala  Volcanic  Series,"  pp.  16,  17. 

2  IlarkrM-,  "Bala  Volcanic  Series,"  p.  13. 


3  Th«.'  average  of  eij^ht  analyses  of  ancient  and  modem  rhvolites  given  in  Sir  A. 
GeikieV  "  Text  Book  of  Geology,"  -ith  ed.,  1903,  p.  212,  is  -698. 
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Fresh  Evidence, 

In  April,  1900,  Mr.  Dakyns,  while  seeking  for  a  good  line  of 
division  between  the  calcareous  ashy  series  and  the  underlying 
felsitic  rocks  at  Hafod  Llwyfog,  near  Llyn  Gwynant,  found,  in 
a  band  of  falsi tio  slaty  rock,  some  Brachiopoda,  the  best  preserved 
of  which  were  Strophomena  and  OrthiSf  though  Mr.  E.  T.  Newton^ 
F.B.S.,  who  kindly  examined  these  fossils,  hesitated  to  name  the 
species.  Of  the  clastic  origin  of  this  rock  there  could  therefore  be 
no  doabt. 

To  the  unaided  eye,  or  with  a  pocket  lens,  it  has  the  same  aspect 
as  the  other  felsitic  slates,  though  somewhat  less  fissile.  If  any- 
thing, it  looks  rather  more  like  the  felsitic  lavas  than  they  do. 

Under  the  microscope,  it  is  seen  to  be  somewhat  less  altered,  and 
the  original  character  of  even  the  finer  parts  can  still  be  made  out 
in  places.  It  consists  of  the  same  small  felspar  crystals,  set  in 
a  fine  grey  matrix,  with  streaks  of  calcite  dust,  which  would 
aooount  for  the  calcite  before  noted  in  the  more  altered  varieties* 
There  is  also  some  chlorite.  This  matrix  can  be  seen  to  be  un- 
doubtedly clastic,  and  consists  of  very  small  grains  of  felspar 
(quartz  has  not  been  identified),  often  of  very  irregular  form.  In 
other  parts  of  the  slide  nothing  but  aggregate  polarisation  can 
be  seen. 

The  most  singular  feature,  perhaps,  of  the  rock  is  the  presence  of 
a  number  of  small  flakes  of  biotite,  with  strong  pleoohroism,  rich 
brown  to  nearly  colourless.  These  are  sometimes  isolated,  but  more 
often  in  groups '(Figs.  1  and  2),  in  which  they  and  small  felspars  are 


F!3>^. 


Figs.  1  and  2. — Groups  of  Biotite  Cr}'stal8  in  Fossiliferous  Felsitic  Rock. 

Highly  magnified  (about  •23  mm.). 

bound  together  by  matter  partly  felsitic  (giving  aggregate  polarisation) 
and  partly  still  isotropic.  The  biotite  flakes  lie  in  all  directions, 
and  are  evidently  original  constituents.  Their  arrangement  suggests 
that  these  groups  were  originally  lapilli,  in  which  the  biotites  and 
felspars  were  cemented  by  a  certain  amount  of  glass.  Most  of  the 
chlorite  of  the  rook  can  be  seen  to  be  due  to  the  alteration  of  biotite. 
Biotite  in  an  unchanged  condition  has  not,  so  far  as  we  remember, 
been  described  from  the  Felsitic  Series  of  Snowdon. 

This  rock,  therefore,  is  a  dust,  mainly  felspathic,  but  containing 
scattered  lapilli  of  a  somewhat  more  basic  character. 
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Cleavage  and  Metamorphism. 

AlluBion  has  been  made  above,  and  was  also  in  Mr.  Dakyns' 
paper  of  1900,  to  the  alteration  which  these  rooks  have  undergone 
in  connection  with  the  production  of  their  cleavage ;  and  in  order  to 
convey  a  clear  idea  of  what  they  are  now  like  it  will  be  well  to 
describe  this,  especially  as  some  of  the  phenomena  are  in  themselves 
of  general  interest 

The  body  of  the  rock  is  now  an  exceedingly  fine  mosaic,  giving 
aggregate  polarisation,  but  throughout  this  is  a  wonderful  develop- 
ment of  white  mica,  fine  indeed,  but  with  some  flakes  quite  large 
enough  to  be  recognised  as  individuals,  and  to  give  tints  as  high  as 
the  first  blue  in  a  slide  in  which  the  felspars  give  nothing  but  low 
greys.  No  part  is  free  from  this  mica,  but  it  is  also  aggregated  into 
anastomosing  seams,  of  which  some  are  as  much  as  *5  mm.  thick  and 
wholly  composed  of  mica.  Indeed,  between  crossed  niools  the  whole 
slide  lights  up  with  its  brilliant  polarisation  colours.  There  are 
many  rocks  in  regions  of  admitted  crystalline  schists  in  which  the 
development  of  mica  is  nothing  like  as  great. 

There  is  also  a  good  deal  of  chlorite  and  some  grains  of  quartz, 
and  there  are  many  lentides  of  calcite,  some  of  which  reach  3  mm. 
in  length  by  *5  mm.  in  thickness. 

Most  conspicuous  are  the  crystals  of  felspar,  many  of  which  have 
well-defined  outlines,  and  often  re-entering  angles.  Bound  these 
sweep  the  micas  of  the  matrix,  leaving  the  spaces  under  their  '  lee ' 
to  which  reference  has  been  made. 

The  micas,  however,  do  not  bend  completely  round  them,  for  in 
many  cases  they  penetrate  the  crystal  for  some  distance,  its  original 
outline  being  then  obliterated.  This  generally  happens  at  the  ends 
of  the  augen,  the  micas  which  lie  within  the  felspar  crystal  having 
the  same  direction  as  those  of  the  matrix,  the  direction,  that  is,  of 
the  slaty  cleavage.  This  is  the  same  phenomenon  as  was  described 
some  years  ago  by  one  of  us  from  the  Harlech  Grits.^  In  that  case 
the  cause  could  not  be  indicated  with  certainty.  Here  it  is  evidently 
an  incident  of  the  production  of  the  cleavage. 

In  the  microscopical  notes  incorporated  in  Mr.  Dakyns'  paper  of 
1900,  mention  was  made  of  certain  bodies  with  igneous  structure, 
believed  then  to  be  fragments  of  igneous  rocks.  Most  of  them  are 
lenticular  augen  composed  of  intergrowths  of  felspars,  with  beautiful 
polysynthetic  twinning  (Fig.  3).  They  lie  in  all  directions  within 
the  lenticle,  and  interlock  at  their  edges.  In  some  cases  chlorite  and 
other  products  are  also  present,  and  it  is  possible  that  some  of  these 
bodies  may  really  be  lapilli.  But  re-examination  has  shown  that 
a  number  of  bodies,  often  with  rectangular  outlines,  their  longer 
axes  lying  sometimes  transverse  to  the  cleavage,  and  quite  in- 
distinguishable in  ordinary  light  from  the  larger  original  felspars 
of  the  rock,  reveal  between  crossed  niools  the  same  internal  structure 
as  these  complex  felspar  augen,  being  composed  of  a  mosaic  of 
clear,  well-twinned  felspars  (Fig.  4).     Some  of  the  largest  original 

»  Greenly,  Trans.  Edinburgh  Geo].  Soc.,  vol.  >*ii  (1897),  p.  251. 
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felspars  also  show  a  tendenoy  to  break  np  at  their  tdgtt  into  a 
mosaia  It  is  evident  that  the  rectangularly  bounded  tiggTBgaim 
are  really  reoonstntoted  felspars,  and  it  is  therefore  probable  that 
the  lentioalar  a^^gates  are  also  felspars  whioh  have  been  deformed 
■external  1 J  as  well. 


Fro.  3. — FeLtpRT  I^nticle  in  Felsitiii  Siftto.    Aboat  '73  mm. 
Fio.  4, — ReconntrucM  Felspar  in  Felsitic  Slats.    About  '6  mm. 
In  both  figorea  tbe  shaded  bands  are  twin  lamella. 

This  reoonstruotioQ  of  felspar  is  most  interesting,  particularly  as 
it  is  evidently  here  a  result  of  dyoatnio  metamorphism,  and  as  the 
resulting  product  ahows  no  trace  of  mechanioal  crush  or  strain. 
Indeed,  tbe  extent  to  which  mineral  reconstraction  has  been  carried 
is  remarkable,  wbeu  we  reflect  that  no  one  wonid  have  called  any 
rook  of  the  series  a  'crystalline  sohist';  that  tbe  results  cbd  be 
ascribed  to  nc  other  aganoy  than  that  whioh  has  impressed  the 
slaty  oleavi^;  and  that  this  agency  did  not  come  into  operation 
unUI  afler  the  Ordovioian  period. 

.Eeeeptional  Ifalure  and  probable  Origin  of  the  Boeki. 

From  the  evidence  given  in  this  paper  it  is  olear  that  volcanic 
dust  forms  a  large  part,  even  if  it  does  not  form  the  whole,  of  the 
felsitio  slates  of  Snowdon. 

Bnt  the  moat  remarkable  feature  of  the  deposit  is  the  exceeding 
rarity  of  any  signs  of  bedding.  Intense  though  the  cleavage  is, 
it  oonid  not  have  obliterated  this,  nor  indeed  has  it  done  so  in  the 
ashy  series  above  or  the  sedimentary  series  below.  And  ages  of 
weathering  on  the  exposed  faoee  of  lofty  cliffs  could  hardly  have 
failed  to  reveal  bedding  if  any  existed ;  but  in  Lleohcg  and 
other  great  crags  nothing  oan  be  seen  from  top  to  bottom  bnt 
the  uniform  vertical  divisional  planes  whioh  determine  every  feature. 
Tet  snch  a  mass  of  dust,  if  projected  in  the  ordinary  manner,  and 
failing  as  a  rain  of  ashes,  could  not  fail  to  beooma  stratified,  even  in 
the  open  air,  muoh  less  on  a  sea  bottom.  The  overlying  ashy  series 
is  well  stratified,  and  yet  it  is  composed  of  muoh  coarser  material. 
Evidently,  therefore,  the  felsitio  slates,  if  a  dust,  must  be  dne  to 
some  unnsnal  kind  of  eniptioD. 
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'  Now,  those  who  have  read  the  fiMcinaitiig  report  of  0e&  Andenoii 
and  Flett  on  the  West  Indian  Eruptions  of  IWi,  wiU  vemember  thil 
absence  of  stratifioation  is  stated  to  be  a  marked  oharaotmalk  atHn^ 
deposits  of  St.  Yino^at,  and  is  asoribed  by  them  to  the  sodden  and 
torrential  or  avalanohe-like  manner  in  wMoh  they  were  pomred  oat* 

It  is  trae  that  the  phenomena  whioh  have  given  sneh  a  dtainatio 
interest  to  these  eruptions — the  furious  rush,  the  deadly  blast,  tad 
the  great  black  doud — are  essentially  subaerial,  and  that  the  ▼cdoanio 
series  of  Snowdon  is  generally  regarded  as  submarine.  But  as  tte 
conditions  for  the  type  of  eruption,  called  by  the  authors  of  the 
report  the  Pelean,  are  determined  in  the  throat  of  the  Toloaiio  before 
emergence,  there  is  nothing  to  prevent  such  eruptions  taking  j^aoe 
from  submarine  vents. 

The  felsitic  slates,  therefore,  present  in  a  striking  manner  one  of 
the  leading  features  of  a  Pelean  deposit 

But  there  is  another  characteristic  of  a  Pelean  dust^  equally 
important,  and  that  is  the  high  proportion  of  crystalline  to  glassy 
grains. 

An  ancient  Pelean  deposit  ought,  therefore,  to  be  a  largely 
crystalline  deposit,  and  if  not  too  much  altered  ou^t  to  retain 
some  traces  of  this.  The  rocks  under  discussion,  as  we  have 
shown,  are  for  the  most  part  much  too  highly  altered  for  any  but 
their  larger  original  grains  to  be  reoognisi»>le,  but  these  grains  are 
crystalline,  and  so  far  agree. 

The  fine  matrix,  in  the  highly  altered  rocks,  might  have  been 
originally  either  crystalline  or  glassy,  and  proves  nothing  either 
way.  But  the  fossiliferous  specimen,  we  have  seen,  is  much  less 
altered;  to  it,  therefore,  we  may  appeal.  Parts  of  it  now  yield 
aggregate  polarisation,  and  these  may,  and  very  likely  do,  represent 
particles  originally  glassy,  now  devitrified,  and  there  is  even  a  little 
isotropic  matter  still  surviving.  But  the  greater  part  consists  of 
broken  felspars  set  in  a  dusty  matrix  in  whioh  smaller  and  smaller 
elastic,  crystalline,  particles  can  be  detected,  until  we  reach  the  limit 
of  vision. 

The  dust  is  a  ciystalline  dust,  and,  in  addition  to  this,  the  groups 
of  biotite  crystals,  cemented  by  what  appears  to  have  been  glass, 
recall  the  lapilli  with  microliths  and  the  crystals  with  glass  adhering 
to  them  of  the  typical  Pelean  products  of  1902. 

Such  evidence  as  we  have,  therefore,  goes  to  confirm  the  view, 
suggested  in  the  first  instance  by  their  behaviour  in  the  field,  that  in 
the  felsitic  slates  of  Snowdon  we  have  a  Pelean  deposit  of  the 
Ordovician  period. 

Concluding  Considerations. 

'  One  or  two  points  call  for  remark.  The  particles,  except  the 
larger  felspars,  are  decidedly  smaller  than  those  of  the  West  Indian 
dust-clouds,  even  than  what  was  collected  at  Barbadoes,  some  ninety 

'  Phil.   Trans.  B.S.,    1903  :   lieport  on  the  Eruptions  of  the  Soufriere,  etc., 
pp.  448,  470. 
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miles  away  from  tbe  volcano.  Possibly  an  acid  magma  may  dissipate 
itself  into  finer  dSbris  tban  an  intermediate  one. 

Then  anotber  point — and  we  confess  to  feeling  somewhat  staggered 
by  this — is  the  enormous  size  of  the  mass.  In  the  cliffs  of  Lliwedd 
alone  several  hundred  feet  of  the  deposit  can  be  seen,  and  this  may 
not  be  all,  even  if  the  rest  of  the  horizon,  estimated  by  Bamsay  at 
1,700  feet  in  all,  be  largely  composed  of  lavas. 

Another  circumstance  shows  a  curious  coincidence.  Drs.  Anderson 
and  Flett  remark  (Report,  pp.  400,  505)  that  the  Pelean  type  of 
eruption  appears  to  be  generally  followed,  when  once  the  great 
black  cloud  has  rolled  away,  by  a  '  rain  of  ashes '  of  the  ordinary 
kind.  Now  in  Snowdon  itself  it  is  certainly  the  case  that  the 
felsitic  slates  are  succeeded  by  the  bedded  ashes  of  the  upper  part 
of  the  volcanic  series. 

As  to  the  fossils,  one  could  not,  indeed,  expect  to  find  them  in  the 
heart  of  a  thick  deposit  of  Pelean  dust.  They  were  found  in  some 
thin  bands  which  alternate  with  the  upper  ashy  series  near  its  base. 

In  one  respect  the  hypothesis  here  put  forward  relieves  the 
geology  of  Snowdon  from  a  difficulty  that  has  been  felt,  namely, 
the  great  extent  of  the  felsitic  lavas.  For  the  horizon  has  been 
traced  over  a  tract  of  country  some  fifteen  miles  long  by  nearly  ten 
in  width,  and  even  then  it  ends  off  in  escarpments.  Certainly  it 
cannot  be  less  than  150  square  miles.^  It  is  difficult  to  believe  that 
aoid  lavas,  with  their  well-known  viscosity,  could  be  continuous  over 
each  a  distance.  Mr.  Harker  suggests '  that  under  water  they'  might 
retain  fluidity  much  longer  than  in  air.  -But  the  fluidal  structure, 
so  well  marked  and  so  common  in  them,  shows  that  after  all  they 
could  not  have  been  much  less  visoous  than  other  acid  lavas.  If, 
however,  the  '  Lower  Felstone '  horizon  be  composed  to  any  great 
extent  of  pyroclastic  matter,  the  individual  lavas  may  be  com- 
paratively limited  in  extent,  and  emitted  from  several  vents,  now 
concealed  beneath  each  other's  productions. 

Finally,  it  may  be  remarked  that  ancient  Pelean  deposits  will 
easily  escape  detection  unless  they  are  thick,  for  a  foot  or  two  of 
homogeneous  unstratified  tuff  occurring  in  a  volcanic  series  would 
hardly  attract  attention.  Yet  the  violent  outbreaks  from  Pelee 
itself  of  May  8th  and  July  9th,  1902,'  even  that  which  destroyed 
St.  Pierre,  seem  to  have  left  only  two  or  three  feet  of  dust  upon 
the  surface. 

However  these  things  may  be,  and  whether  the  view  advocated 
in  this  paper  proves  to  be  correct  or  not,  it  is  certain  that  the  work 
of  Drs.  Anderson  and  Flett,  and  of  the  French  and  American 
geologists  who  have  described  these  phenomena,  will  give  a  fresh 
stimulus  to  the  study  of  volcanic  action,  and  lend  a  new  interest  to 
many  of  our  ancient  volcanic  deposits. 

'  Mr.  Ilarker's  estimate  is  much  greater. 

2  "  Bala  Volcanic  Series,"  p.  121,  quoting  Scrope  and  others, 

'  The  mass  ejected  from  the  Soufnere  was  much  greater. 
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lY. — The  Beobnt  Qkologioal  History  of  the  Baltic. 
Pabt  IV:   Climatio  and  othkb  issues. 

By  Sir  H.  H.  Howorth,  F.R.S.,  F.G.S. 

IN  the  first  part  of  this  series,  p.  813,  I  referred  to  the  recent 
invasion  of  the  Eastern  Baltic  by  the  Mya  arenaria,  as  fLni 
pointed  out  by  Dr.  Nathorst  Dr.  Petersen  has  called  my  attention 
to  an  important  paper  by  A.  S.  Jensen,  which  has  apparently  been 
overlooked  by  English  conchologists,  and  I  propose  to  condense  h\& 
results,  as  they  are  very  noteworthy  from  their  geological  lessons. 

The  shell  has  hitherto  been  treated  as  a  typical  Arctic  shell.  Thus 
Orosse  and  Debeaux  write  of  its  original  home :  "  De  Tocean  Glacial 
arctique,  qui  parait  etre  sa  veritable  patrie,  elle  est  descendue  dans  les 
mers  du  nord  de  I'Europe,  jusques  et  y  compris  la  Manche  et  ane  partie 
de  nos  cotes  de  TOcean  "  ( Journ.  de  Conchologie,  ser.  iii,  iii,  254, 
1863).  Gwyn  Jeffreys,  in  describing  the  shell,  says,  *'  The  occurrence 
of  this  ciroumpolar  shell-fish  so  near  the  tropic  of  Cancer  probably 
indicates  the  moat  southern  limit  in  space  of  the  glacial  epoch  "  (Brit 
Conch.,  iii,  65,  66). 

Jensen  has  most  clearly  shown  that  these  inferences  are  quite 
unjustifiable,  and  that  the  shell  has,  in  fact,  no  pretension  to  be  an 
Arctic  shell  at  all.  He  has  proved  that  in  every  case  where  it  has 
been  reported  from  Greenland,  Iceland,  Spitzbergen,  Nova  Zembla, 
the  river  Yenissei,  and  Bering's  Strait,  it  has  been  mistaken  for 
Mya  trnncata,  var.  ovata,  and  that  its  true  habitat  is  limited  to  the 
North  Temperate  Zone.  It  extends  southwards  in  the  Atlantic  as  far 
as  South-West  France  in  Europe,  and  South  Carolina  in  America,  and 
in  the  Pacific  to  Japan  and  China  between  lut.  30°  and  40°  N.  lu 
the  European  area  it  is  found  in  the  British  seas,  Belgium,  Ilolland, 
Germany,  Denmark,  and  Southern  Sweden.  Sara  reports  it  from 
the  whole  Norwegian  coast,  while  Knipowitsch  does  so  from  the 
warm  section  of  the  White  Sea  (see  Jensen,  "  Studier  over  nordiske 
Mollusker,"  part  i,  Mya.  Videns.  meddel.  Naturhist.  for.  i  Kjoben- 
havn,  p.  150,  1900). 

This  is  not  all.  The  curious  fact  remains  that  while  its  dis- 
tribution is  as  here  mentioned,  and  while  it  is  virtually  certain  that 
it  has  migrated,  not  from  the  north,  but  from  the  south  or  west,  it 
should  Lave  entered,  not  only  the  Eastern  Baltic,  but  apparently  the 
Scandinavian  waters  generally,  so  recently.  It  is  still  a  most 
valuable  article  of  food,  yet  it  has  never  occurred  in  the  Danish 
kitchen  middens,  where  so  many  other  edible  molluscs  occur.  Nor 
has  it  been  found  in  the  raised  beaches  or  the  deposits  in  the  Isefiord, 
etc.,  in  the  southern  part  of  the  Cattegat,  now  known  as  the  Japes 
beds,  which  synchronize  with  the  kitchen  middens,  so  that,  as 
Petersen  argued,  it  doubtless  invaded  the  Baltic  waters  in  the 
recent  human  period. 

Brogger  has  discussed  its  distribution  on  the  Norway  coasts,  and 
argued  forcibly  that  there  also  it  is  a  recent  arrival,  since  it  does  not 
occur  in  the  raised  beaches  properly  so  called.     In  the  Christiania 
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fiord  Professor  Miinster  reported  it  from  Smedholmen,  near  Brevik,  in 
a  bank  whioh  reaches  down  tg  only  66  feet  above  the  sea-level,  and 
Brogger  urges  that  in  this  instanoe,  as  also  in  the  case  of  YallOi  where 
it  occurs  at  the  sea-level,  the  shell  has  probably  been  thrown  up  by 
the  waves,  for  it  does  not  occur  in  the  shell  bank  at  Vallo  nor  in 
thoee  at  Tromo  by  Arendal.  It  has  also  occurred  at  Eadland,  near 
Ifandalselven,  in  conjunction  with  OstrcBa  edulis,  Cardium  edtde,  Cffprina 
i9landica,  Tapes  deeuisalua,  Doiinia  exoleia,  Na$ia  reticulata,  Folytropa 
lapUluM,  OibbtUa  cineraria,  Turritella  terebra,  etc.  These  shells  must 
have  lived  in  salt  water  and  at  a  depth  of  some  metres,  while  now 
the  bed  is  found  with  only  fresh  water  close  by  and  above  the 
sea-level.  This,  as  Brogger  says — and  this  instance  is  the  sole  one 
from  Norway — shows  that  Mya  areuaria,  while  living  at  the  close  of 
the  Tapes  time  at  the  extreme  south-western  point  of  the  land, 
had  not  arrived  there  at  the  close  of  the  kitchen  midden  time 
(op.  cit,  p.  607). 

A  similar  discovery  of  Mya  arenaria  was  also  made  by  Jensen  in 
a  raised  sand  beach  at  Nabsjert,  in  Vendsyssel,  at  a  distance  of 
300  metres  from  the  present  coast  and  at  a  height  of  '6  metre 
above  the  water.  The  shells  measured  73  mm.  in  length  (see  Denm. 
geol.,  unter.,  1st  raekke,  p.  279,  n.  3).  Brogger  urges  that  this 
deposit  dates  from  the  same  time  as  that  at  Kadland. 

Brogger  adds  that  further  east,  in  the  Langesunds  and  Christiania 
fiords,  Mya  arenaria  only  arrived  in  quite  recent  times  (op.  cit,  p.  607). 
When  Lyell  wrote,  in  1835,  it  had  still  a  limited  distribution  in  the 
Baltic,  for  he  says,  '*  This  shell  does  not,  I  believe,  extend  so  far 
north  in  the  Gulf  of  Bothnia  as  Sodertelje ;  1  could  not  find  it  even 
at  Calmar,  and  further  south,  at  Solvitzborg,  it  was  rare  and  of  very 
small  size*'  (Phil.  Trans.,  p.  10,  1835).  Erajevnikof  says  all  the 
specimens  he  had  himself  found  were  young. 

Linnffius  published  the  10th  edition  of  his  '^  Systems  Natursd  "  in 
1758,  and  there  described  the  shell,  p.  670,  and  gave  it  the  name  it  still 
bears,  and  quotes  as  authority  for  it  his  own  previous  work,  the 
**  Wastgoten  Beisa,"  p.  187,  which  was  published  in  1747,  and  where 
he  names  it  Concha  subarenaceo  marina  (under  Concha  he  classes  all 
bivalves).  This  seems  to  show  that  the  shell  was  not  known  to  him 
when  he  issued  his  earlier  editions,  and  it  was  then  probably  limited 
to  the  western  waters  of  the  Baltic.  As  a  proof  of  its  rapid  diffusion 
since,  it  may  be  well  to  give  its  present  distribution  in  the  Baltic, 
which  is  thus  stated  by  Erajevnikof  (Comptes  Rendus  Cong.  Intern. 
Zool.,  Moscou,  i,  151) :  Kugen,  Stralsund,  Qreifswald,  Stolper,  the 
Bay  of  Dantzig,  Calmarsund,  Gotland,  near  Memel,  Libawa,  Windawa, 
near  Biga,  Dago,  Oesel,  Hapsal,  Matzalwick,  B6val,  near  Narva,  and 
the  Bothnian  Gulf  as  far  north  as  62""  36'  N. 

I  have  enlarged  somewhat  on  the  history  of  this  shell  in  the  north, 
because  it  has  been  made  a  kind  of  test  of  glacial  conditions  in 
England  by  C.  Reid  and  others.  Thus,  in  the  Christiania  Museum 
there  are  some  specimens  of  it  sent  to  Sars  in  1866  by  Crosskey 
and  Robertson,  and  labelled  "  ilfya  arenaria,  glacial  clay,  Eyles  of 
Bute."    On  the  ticket  Sars  has  written  "  glacial "  with  a  query, 
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and  in  liis  memoir,  Ohr.  'vid.  Sdsk.  Foili.,  1867,  p.  6^  1m  mjs  Alt 
''  the  shells  had  reached  him  so  labelled,  bat  from  what  Mr.  OroHikaf 
told  him  he  doubted  if  they  were  not  postglacial  **  (Broggoi^ 
op.  oit.,  p.  609).  Brogger,  in  fsMst,  suggests  wat, like  other  moUnsoi 
in  the  Ghristiania  fiord,  it  is  a  Tagabond  from  Amerioan  wiliii 
(id.,  pp.  608-9).     In  his  synopsis  of  the  Post-Tertiary  beds  0i, 

L650),  he  makes  Mtfa  armaria  the  index  and  typioal  shell  of  ihB 
tt  and  most  recent  stage  in  the  littoral  shell  deposila  in  Soandinsvis. 

Secondly,  in  a  passage  in  pMper  II  of  this  series  (see  n.  352)  I 
ventured  to  question  whether  m  every  case  the  raised  sneU-bedi 
marked  the  permanent  level  of  the  water  or  only  its  transient  pss>pgB 
after  some  impulse.     This  latter  conclusion  is  doubtless,  sound  in 
some  cases,  but  it  cannot  apply  to  all,  for  in  many  of  them  the 
shells  are  clearly  in  ntH.     Thus  Lyell  expressly  says  that  *'in 
the   gravel -pits   at   Solna,  near   Stockholm,   tiie   shells   oonsist 
principally  of  Cardium  edute  and  TeUtna  balAiea,  a  great  number 
of  which  have  both  their  valves  united.**     A|^n,  speaking  of 
MytUuB  edvU§  at  the  same  place,  he  says,  **  There  has  been  a  great 
accumulation  of  this  shell  in  the  stratum,  but  it  is  almost  entirely 
decomposed,  and  is  only  recognized  by  the  violet  oolour  which  it 
has  imparted  to  the  whole  mass**  ^PhiL  Trans.,  1885,  p.  6).    The 
molluscs  in  this  bed  are  therefore  clearly  in  stM,  and  not  remani6. 
It  is  30  feet  above  the  level  of  the  Baltic. 

In  another  bed  at  Brankyrka,  70  feet  above  the  sea-leveU  the 
shells  are  also  clearly  in  9M,  being  described  as  embedded  in 
a  peaty  soil  containing  fragments  of  wood,  which  peat,  Lyell 
suggests,  has  been  derived  from  seaweed,  large  accumnlatiODS  of 
which  he  saw  heaped  up  in  a  bay  of  the  Baltic  near  Solvitzborg, 
intermixed  with  similar  species  of  shells  (id.,  p.  6).  Again,  at  the 
Blabaoken  and  near  the  Quarnbacken,  Lyell  describes  beds  of  marl 
three  feet  thick,  at  a  height  of  about  100  feet  above  the  sea,  as  being 
remarkable  for  the  violet  colour  imparted  to  them  by  the  decayed 
Mytilus  shells,  and,  he  adds,  ''with  the  exception  of  the  Mytilus 
the  shells  are  generally  very  entire"  (id.,  p.  7).  Again,  in  a  bed 
from  30  to  40  feet  above  the  sea-level  at  Ulfva,  on  the  banks  of 
the  Fyris^,  he  found  a  blue  clay  containing  abundant  specimens  of 
Telltna  halthica  entire,  with  both  its  valves  and  the  epidermis. 
Mytilus  edulis,  often  much  flattened  and  occasionally  covered  with 
the  small  white  flustra  so  commonly  attached  to  it  in  the  Baltic,  also 
occurred  there  (id.,  p.  14).  From  the  opposite  coast  of  Finland  he 
cites  the  discovery  of  a  section  with  marl  of  a  violet^  colour  at  the 
height  of  60  feet  above  sea-level  at  N&dendal,  near  Abo,  as  also 
composed  of  the  decomposition  of  Mytilus  eduUs,  and  as  also  con- 
taining perfect  specimens  of  Tellina  halthieaf  Litorina  litortOj 
Z.  rudisy  and  Paludina  ulva  (id.,  pp.  22  and  23). 

In  all  these  cases  there  can  be  no  question  of  remanie  or  re- 
arranged beds,  but  of  beds  in  which  the  molluscs  actually  lived, 
and  which  have  been  raised  to  the  height  of  many  feet  above 
the  sea -level  since  the  shell -fish  were  living;  and  they  testify 
unmistakably  to  a  corresponding  rise  of  the  land,  and  not  to  a  mere 
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passing  tidal  wave  depositing  its  burden.  This  evidence  is,  however, 
at  first  sight  difficult  to  equate  with  the  experimental  evidence 
tMised  on  investigations  specially  directed  to  test  whether  the  land 
has  been  and  is  now  rising  gradually  from  the  sea.  On  this  latter 
issue  a  very  large  and  divergent  testimony  is  available,  for  the 
polemic  has  now  lasted  for  nearly  two  centuries,  since  Celsius 
wrote  his  well-known  memoir  in  the  Transactions  of  the  Stockholm 
Academy. 

There  can  be  no  doubt  that,  as  in  the  case  of  all  inland  seas 
into  which  a  large  number  of  rivers  laden  with  sediment  are 
perpetually  pouring,  the  accretion  of  sedimentary  matters  in  the 
Baltic,  especially  its  northern  part,  is  causing  not  only  a  shallowing 
of  its  waters,  but  a  great  advance  of  the  shore-line,  which  has  gained 
enormously  in  consequence.  Thus,  as  Lyell  urges,  it  was  pointed 
out  by  the  opponents  of  Celsius  that  by  the  process  of  delta-making 
there  had  been  a  gain  of  half  a  mile  in  45  years  at  Piteo,  and  of  a  mile 
in  28  years  at  Luleo,  both  in  the  Qulf  of  Bothnia  (''  Principles,'' 
12th  ed.,  vol.  ii,  p.  182).  This  cause,  as  in  so  many  places  in  England, 
lias  induced  the  shallowing  of  harbours  and  the  presence  of  shells 
far  from  the  sea  in  the  black  clays  forming  a  kind  of  delta 
deposit  in  so  many  places,  etc.,  eta,  and  no  doubt  many  of  the 
alleged  instances  quoted  to  prove  an  actual  rise  of  the  land  are 
attributable  to  this  quite  different  cause.  Others  are  due  to  test 
marks  having  been  made  on  stranded  boulders  which  have  been 
actually  moved  into  shallower  water,  and  thus  giving  misleading 
-evidence. 

Another  misleading  element  is  the  extreme  variation  in  the  normal 
level  of  the  Baltic  water.  Although  there  is  no  actual  tide  in  that 
sea,  there  are  other  notable  causes  of  variation  in  its  level.  It 
has  been  ascertained  that  the  great  differences  sometimes  occurring 
in  barometrical  pressure  cause  a  corresponding  differential  change 
of  several  feet  in  different  parts  of  the  sea.  A  similar  effect  is 
induced  by  the  variation  in  the  amount  of  fresh,  and  therefore  light, 
water  and  of  salt  water,  which  causes  a  change  between  the  Summer 
and  Winter  level  of  the  sea  in  different  part^i.  and,  in  fact,  its 
level  in  the  upper  parts  of  the  Bothnian  Gulf  has  been  ex- 
perimentally shown  by  Mr.  Wolfstedt  to  vary  as  much  as  18  feet 
from  that  of  its  southern  parts,  and  it  no  doubt  again  varies 
greatly  according  to  whether  the  rivers  and  upper  parts  of  the 
Bothnian  Qulf  are  frozen  or  free. 

This  variation  qualifies  immensely  the  value  of  various  ex- 
periments which  have  been  made  at  different  times  by  putting 
marks  on  exposed  rocks,  etc.,  at  the  sea-level  and  then  examining 
ihem  some  years  afterwards  to  see  what  changes  have  occurred. 
There  is  a  double  ambiguity  in  the  process,  one  dependent  on  the 
controlling  conditions  of  level  when  the  mark  was  made,  and  the 
other  on  the  similar  conditions  when  it  was  afterwards  examined. 
Hence  the  different  and  inconsistent  results  which  have  been 
drawn  from  this  kind  of  evidence,  and  I  am  bound  to  say  that 
Lord  Selkirk's  careful  examination  of  the  problem  on  the  spot 
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and  his  Fe-measurement  of  the  different  marks  justified  the  oon- 
olasion  he  came  to,  namely,  that  '*  they  prove  nothing.  The  daily 
and  weekly  alterations  in  the  level  of  the  water  oaused  by  changes 
of  the  wind,  and  sometimes,  I  believe,  by  winds  not  felt  at  the 
spot  where  the  change  of  level  takes  plaoe,  are  so  very  con- 
siderable that  anything  that  may  have  taken  place  in  30  years  is 
almost  imperceptible  in  comparison."  After  quoting  some  special 
cases  to  show  the  difficulty  he  says :  '^  From  this  I  infer  that 
until  the  average  level  is  more  clearly  ascertained,  no  inference 
can  be  drawn  from  these  marks."  After  again  referring  to  the 
possibility  of  the  stones  themselves  having  been  raised  or  moved 
by  shore  ice,  he  quotes  a  Swedish  report  by  Mr.  G.  Widell  on 
the  marks  at  Marstrand,  who  had  come  to  the  same  conclusion 
as  himself  as  to  the  uncertainty  of  any  inferences  to  be  drawn  at 
present  from  these  mai'ks.  Mr.  Widell  was  the  Rector  of  the 
Academy  at  Marstrand  (Q.J.G.S.,  xxiii,  191-196). 

If  we  turn  from  the  experimental  tests  to  evidence  of  another 
kind,  there  is  a  very  extraordinary  concurrence  of  testimony  in 
favour  of  the  conclusion  that  the  older  writers  like  Celsius, 
Von  Buch,  etc.,  who  believed  the  changes  in  the  Baltic  to  be  still  in 
progress  and  to  have  been  progressive  from  early  times  until  now, 
were  mistaken. 

Lyell,  wliose  frank  acknowledgment  of  the  facts  on  the  other 
side  is  always  so  notab]e,^quotes  the  cases  of  the  castles  at  Calmar, 
built  in  1030,  and  of  Abo  in  Finland,  whose  position  near  the 
sea  makes  it  impossible  to  believe  that  there  can  have  been  much 
change  of  level  since  tbey  were  built.  He  refers  again  to  the 
records  about  certain  oak-trees  at  the  fishing  park  of  Fiskertorp 
on  the  Malar  Sea,  and  declared  by  the  keeper  of  the  Koyal  forests 
to  be  400  years  old,  and  yet  growing  but  ten  feet  above  the 
level  of  the  present  tide  (Phil.  Trans.,  1835,  p.  13). 

He  also  quotes  a  more  critical  test  case,  cited  by  the  older 
Swedish  writers :  *'  On  the  shores  of  the  Gulf  of  Finland  were 
formerly  some  pines  and  oaks  growing  close  to  the  water's  edge; 
these  were  cut  down,  and  by  counting  the  concentric  rings  of 
annual  growth,  as  seen  in  a  transverse  section  of  the  trunk,  it 
was  demonstrated  that  some  of  them  had  stood  there  for  nearly 
400  years.  Now,"  says  Lyell,  ''according  to  the  Celsian  hypothesis 
the  sea  had  sunk  about  15  feet  during  that  period,  in  which  case 
the  germination  and  early  growth  of  these  trees  must  have  been 
for  many  seasons  below  the  level  of  the  water  '*  (LyelFs 
"Principles,"  12th  ed.,  ii,  183).  The  argument,  he  adds,  founded 
on  the  position  of  the  trees,  is,  as  Professors  Loven  and  Erdmann 
have  lately  remarked,  unanswerable  so  far  as  it  relates  to  a  part 
at  least  of  the  Finnish  coast  (id.). 

I  may  quote  another  piece  of  similar  evidence  which  seems  to  me 
also  very  conclusive.  On  November  12th,  1903,  Mr.  W.  Werraersten 
read  a  paper  before  the  Students'  Association  at  Upsala  on  an  old 
deposit  of  the  Stone  Age  in  the  south  of  the  Island  of  Gotland. 
Parts  of  human  skeletons  as  well  as  bones  of  dog,  pig,  and  seal  were 
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foand  not  more  than  1-1'5  metres  above  the  present  sea -level, 
«  proof  that  the  elevation  of  the  Isle  of  Gotland  was  all  but  finished 
at  the  end  of  the  Stone  Age  (Bull.  Geol.  Inst.  Upsala,  vi,  280). 
Thia  aeema  to  me  to  present  very  important  evidence  that  tlie 
upheaval  of  that  island,  like  that  of  the  mainland,  was  in  the  main, 
at  leasty  before  the  Stone  Age. 

The  same  testimony  is  borne  by  the  island  of  Biorkii  in  tlie  Malar 
Sea,  which  contains  a  vast  cemetery  and  other  remains  of  the  pagan 
Viking  time,  and  can  only  have  changed  its  level  very  slightly 
sinoe  the  tenth  century,  which  may  be  put  tl'erefore  by  the  side 
of  similar  instances  in  the  Cattegat.  Standing  in  the  midst  of 
the  fiord  is  the  small  island  of  Anholt.  On  the  littoral  beds,  just 
above  the  water-line,  are  found  remains  of  the  Stone  men,  showing 
that  the  level  of  the  island  has  not  perceptibly  changed  since  they 
were  living.  Again,  historical  documents  show  that  the  island  of 
Saltholm,  which  is  only  slightly  raised  above  the  sea-level,  has 
remained  practically  at  the  same  level  since  the  year  1280. 

lliis  kind  of  evidence,  which  is  widespread,  and  might  be  much 
enlarged  (and  notably  by  the  records  of  the  various  maritime  towns 
in  the  Baltic  lands,  showing  how  stationary  they  have  been  for 
a  long  time),  is  very  important  when  put  beside  the  unmistakable 
evidence  of  the  raised  shell-beds,  in  regard  to  the  level  of  these  lands 
having  been  greatly  raised  in  Middle  and  Northern  Sweden  since  the 
invasion  of  the  Litorina  fauna ;  and  it  goes  to  show  that  the  views  of 
Yon  Buoh  and  others  in  favour  of  uniformity  in  regard  to  this 
problem  are  not  sustainable,  but,  on  the  contrary,  that  this  undoubted 
movement  of  upheaval  was  largely  limited  to  the  times  preceding 
or  contemporary  with  the  Stone  Age,  or  at  least  to  primitive  times. 

This  invites  the  further  question  as  to  whether  it  was  a  gradual 
upheaval  or,  as  I  firmly  believe,  a  spasmodic  and  intermittent  one. 
The  latter  conclusion  seems  to  follow  from  the  fact  that  the  shells 
do  not  occur  in  regularly  sloping  and  continuous  beaches,  as  we 
should  expect  in  the  case  of  an  uprising  coast  of  a  sea  where  there  is 
virtually  no  tide,  but,  as  at  Siidertelje,  at  various  heights  in  the  strata 
separated  by  barren  intervals  (Lyell,  op.  cit.,  p.  10).  The  fact  of 
the  shells  occurring  in  detached  beds,  and  not  being  regularly  dis- 
tributed throughout  the  whole  depth  down  to  the  sea-level,  seems 
clear  evidence  that  their  deposition  was  intermittent  and  not  gradual. 

Another  fact  difficult  to  account  for  on  any  other  theory  is,  that 
the  shells  in  the  shell-beds,  instead  of  gradually  increasing  in  size 
and  gradually  losing  their  distorted  forms  as  we  get  higher  in  the 
beds,  until  we  reach  a  layer  where  they  are  of  the  normal  size 
and  appearance  of  those  in  the  outer  sea,  are  described  as  all 
dwarfish  in  size,  just  as  they  are  found  in  the  brackish  water  of  the 
neighbouring  Gulf  of  Bothnia,  and  the  whole  assemblage  of  shells 
sooh  as  characterizes  the  Baltic.  Hecent  writers,  although  they  have 
noticed  a  certain  dwarfing  of  the  living  forms  when  compared  with 
those  in  the  raised  beds,  yet  declare  the  latter  to  be  much  dwarfed 
and  distorted,  and  I  know  of  no  specimens  found  in  the  raised  beachea 
of  a  normal  size. 
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I  have  Tentured  to  draw  anoflier  inferaniie  fa  nsttd  to  tte 
abroptness  of  the  upheaval  of  the  ihell-bedB  Imii  flie  atniphwii 
of  the  gap  and  want  of  oonformity  between  the  Anieflm  and  tlie 
Idtarina  beds.  The  fact  of  this  anoonfdrmity  is  empiiafliaed  bj  fts 
Swedish  geologists.  Thas  Nathorst  says  that  '*De  Geer,  In  Us  mon 
reoent  papers,  has  pointed  oat  that  in  many  places  in  the  peniaiBb 
of  Upland,  especially  in  the  neighboarhood  of  Upsala  and  8toebhfll«, 
there  is  a  discordance  between  the  lAUmma  day  and  the  Ifgtar 
oolonred  Baltic  clay  of  Hnnthe  on  the  one  hand  and  die  jhnefm 
day  on  the  other.  According  to  Hogbohm  and  Manthe»  i^^ain,  As 
former  day  in  the  district  of  Upsala  is  in  certain  places  s^panted 
from  the  Aneylw  day  by  a  layer  of  sand  or  a  clay*like  sud 
formation  of  a  depth  ranging  op  to  several  metres ;  there  can  tiieie* 
fore  be  little  doubt  that  Sere  is  a  breach  of  continnlty  between  tiie 
beds,  thas  representing  an  abrupt  change  and  involving  more  or  Issi 
troubled  conditions  "  (Nathorst,  <'  Sueriges  Geologi/'  p.  268). 

Numerous  additional  facts,  therefore,  are  available  to  support  the 
not  generallv  accepted  conclusion  that  the  rise  of  the  Baltic  bnds 
not  only  took  place  in  the  main  and  perhaps  entirely  in  primitife 
times,  but  that  the  same  rise  was  intermittent  and  not  gradual,  and 
was  rapid  and  sudden  and  not  continuous  and  dow. 

Let  us  now  turn  again  to  the  sinking  in  the  southern  BaUio 
area  which  broke  down  the  Baltic  breach.  This  has  been  thought 
by  some  of  the  northern  geologists  to  have  been  a  very  genml 
phenomenon,  in  which  a  large  part  of  Scandinavia  had  a  part 
As  attested  by  the  evidence,  however,  it  was  very  local,  and  involved 
only  the  narrow  seas  separating  Skane  from  Mecklenburg  and  the 
mainland  generally. 

To  the  evidence  already  cited  of  the  fact  itself  I  should  like  to 
add  some  more  recent  testimony.  The  2nd  part  of  the  3rd  series  of 
the  Danish  Geological  Survey  publications  is  a  synopsis  of  recent 
progress  in  geology  in  Denmark  by  Ussing,  who  mentions  instances 
of  submerged  peat  bogs  recently  found  at  Graadyp,  north-west  of 
Fano;  in  the  dock  works  at  Esbjerg,  and  Aarhus,  and  at  varioos 
places  near  Copenhagen  and  Bornholm.  A  famous  example  was 
that  disclosed  in  1899  during  the  drainage  works  at  Copenhagen 
and  at  a  place  where  the  water  was  40  feet  deep.  Ussing  says 
expressly  that  the  position  of  this  submerged  peat  bog  in  relation 
to  the  depth  of  the  Sound  shows  that  it  may  have  been  onoe 
a  part  of  the  land  communicatibn  between  Copenhagen  and  Malmo 
(op.  cit.,  p.  313).  As  he  says,  "Som  sammenlignet  med  OresundetB 
Dybdeforhold  antyder,  at  der  maa  have  vaeret  landfast  Forbindelse 
mellem  Kjobenhavn  og  Malmo." 

The  deposit  at  Esbjerg,  of  which  a  very  good  profile  is  given 
by  Hartz,  shows  a  bed  of  turf  two  inches  thick  covered  by  1'5 
of  sand,  etc.,  including  a  layer  of  sand  with  shells.  The  bed  of  turf 
lay  4-5  metres  under  high-water  mark. 

In  addition  to  peat  mosses,  submerged  trunks  of  trees  have  also 
occurred  in  similar  localities ;  thus  in  indamming  land  at  Vigero, 
3,000  feet  outside  the  south  coast  of  the  Odense  fiord,  stumps  of 
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trees  were  found  rooted  in  the  so-oalled  moraine  clay,  including 
those  of  a  fair-sized  oak  wood.  The  level  on  which  the  trees  grew 
is  now  submerged  to  the  extent  of  two  feet.  In  the  old  harbour 
of  Copenhagen  were  also  found  remains  of  an  old  wood  20  feet 
below  the  surface  (Ussing,  op.  cit.,  p.  313). 

Another  striking  proof  of  the  same  fact  is  the  submerged  and 
sinuous  channel  in  the  Odense  fiord,  or  the  Sound  as  we  call  it.  The 
coarse  of  this  channel  has  been  mapped  out  on  one  of  the  plans  in 
a  yolume  of  the  Transactions  of  the  Copenhagen  Geological  Survey. 
From  this  it  is  clear  that  this  furrow  forms  a  continuation  of  the 
Odense  river,  and  its  depth  in  certain  places  is  more  than  11*3 
metres,  or  36  feet,  and  it  must,  as  Ussing  says,  be  deemed  the 
former  bed  of  that  river.  A  proof  of  this  is  forthcoming  in  the 
fact  that  the  deepest  tracks  of  the  furrow  are  not  where  the  fiord 
is  narrowest,  and  where,  therefore,  the  scour  is  the  greatest.  Not 
only  so,  but  the  channel  itself,  instead  of  having  been  the  result 
of  scouring  by  a  race  or  tide,  has  been  and  is  being  filled  up. 
Its  bottom  is  covered  with  more  than  five  metres  thick  of  Cardium 
mud,  while  outside  the  channel  itself  the  deposit  is  not  more 
than  one  metre,  which  proves  that  here  we  have  to  do  with 
an  old  furrow  or  channel  which  is  being  choked  up  and  not 
cleared  out.  Similar  conditions  are  found  in  the  smaller  and 
subsidiary  channels  and  in  those  which  run  into  the  principal  branch, 
forming,  there  can  be  little  doubt,  the  drainage  of  the  area  of 
the  Sound  when  all  or  the  greater  part  of  that  area  was  dry  land. 

Again,  I  have  ventured  to  argue  in  a  previous  paper  that  the 
great  collapse  or  breach,  by  which  the  Baltic  was  converted  from 
a  fresh-water  lake  to  a  brackish  sea,  was,  like  the  corresponding 
upheaval  further  north,  rapid  or  sudden,  and  took  place  while 
man  occupied  the  country.  This  enables  us  approximately  to- 
date  it. 

According  to  the  latest  opinion  of  Dr.  0.  Montelius,  the  Swedish 
archasologist  who  has  devoted  the  most  time  to  the  study  of  primitive 
man  in  Scandinavia,  the  Bronze  Age  in  Sweden  began  about 
1700-2000  years  b.c.  This  is  an  approximation  deduced  from 
a  comparison  of  the  shapes  and  ornaments  on  the  bronze  objects 
in  the  northern  lands  with  those  of  the  Mediterranean,  whose 
probable  date  we  can  fairly  fix,  and  it  takes  us  back  3600-3900 
years  from  the  present  time  for  the  commencement  of  the  Bronze 
Age  in  Scandinavia. 

The  preceding  Neolithic  age,  judging  from  the  enormous  number 
of  monuments  and  remains  it  has  left  in  the  North,  must  have  been- 
very  prolonged.  As  many  as  36,000  finds  of  the  post-kitchen - 
midden  Stone  Age  had  been  reported  from  Sweden  alone  up  to 
the  year  1874.  The  Neolithic  age  in  Denmark  has  been  divided 
into  two  sections,  one  comprising  the  remains  of  the  kitchen  midden^ 
times,  i.e.  of  the  older  race  of  new  Stone  men  who  did  not  use 
polished  tools  and  had  no  domestic  animals  except  the  dog,  and  a 
second  era  during  which  men  used  polished  stone  axes  and  more 
shapely  and  elaborate  chipped  ones,  and  kept  domesticated  animals. 
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Acoording  to  the  evidence,  as  we  have  seen,  the  breach  in  the 
Baltic  bridge  took  place  after  the  kitchen  midden  time  and  daring 
the  succeeding  period  of  the  Neolithic  age.  That  is  a  ierminui  a  q§o 
from  which  we  may  roughly  calculate  the  time  that  has  elapsed. 
Yon  Baer,  who  was  the  first,  I  believe,  to  make  snoh  a  calonlatioo, 
put  the  date  of  the  breach  at  5,000  years  ago.  He  based  his 
calculation,  however,  on  the  uncertain  element  of  the  rate  at  whioh 
the  Baltic  lands  were  supposed  to  be  now  rising. 

Dr.  Brogger,  in  his  book  on  the  Mollusca  of  the  Christiania  Fiord, 
bases  his  calculation  on  the  archaeological  evidence,  and  puts  it  al 
8,000  years  ago. 

If  we  take  the  mean  of  these  two  calculations,  say  6,500  yean, 
we  shall  perhaps  roughly  approximate  to  a  tentative  date  since 
which    salt  water   has  been  flowing  into  the   Baltic  basin,  and 
introducing   partially   marine    conditions    there,   while    the    fresh 
water  has  been  flowing  out  in  a  large  stream  into  the  Cattegat 
and  destroying  the  oysters  and  associated  shells   there,  initiating 
the  Litortna  sea  on  the  one  side  and  pushing  back  the  Tapes  set 
on  the  other.     This  double  action  of  the  catastrophe  seems  plain 
from  the  evidence,  and  I  therefore  cannot  agree  with  De  Oeer  and 
Brogger  when  they  equate  the   Tapes  and  Oyster  period  in  the 
southern   Cattegat  with  the  Litorina  stage  of  the  Baltic,  instead 
of  with  the  Ancylua  stage.     The  Ziionna  time  was,  in  fact,  the 
inception  of  the  present  condition  of  things  in  the  Baltic,  as  the 
contemporaneous  mthdrawal  of  the  Tapes  fauna  initiated  the  present 
condition  of  things  in  the  Cattegat. 

The  next  question  is  to  ascertain  what  climatic  changes  we  can 
j)redicate  in  Scandinavia  during  the  interval  bounded  by  the  begin- 
nings of  the  Litorina  time  and  the  close  of  the  Tapes  time  on  the 
one  band  and  the  present  day  on  the  other.  First  let  us  look  at  the 
question  from  an  a  priori  view. 

Ekbolm,  in  a  paper  in  Ynier,  Heft  iv,  p.  377  ff.,  translated  in  the 
27tb  volume  of  the  Quart.  Journ.  of  the  Meteorological  Society, 
No.  117,  January,  1001,  bas  argued  that  about  8,000  years  ago  the 
Summer  temperature  in  Mid  Sweden  would  be  enhanced  to  an 
extent  of  2  degrees  Centigrade,  due  to  the  fact  that  the  inclination  of 
the  ecliptic  would  then  be  at  its  minimum,  and  further  that  siuoe 
that  date  it  bas  been  growing  slightly  more  severe. 

In  the  first  two  chapters  of  my  new  book,  "  Ice  or  Water," 
I  have  given  an  elaborate  analysis  of  the  astronomical  conditions 
affecting  climate,  and  notably  of  changes  affecting  the  inclination 
of  the  ecliptic,  showing  that  the  problem  is  a  good  deal  more 
intricate  than  bas  been  generally  thought,  and  that  it  has  to  be 
(jualified  by  many  conditions.  I  do  not,  however,  propose  to  raise 
any  issue  with  Ekbolm  on  the  matter,  and  he  is  mathematically 
approximately  right. 

Brogger  bas,  as  we  have  seen,  tried  to  equate  the  archsdological 
evidence  with  the  theory  of  Ekbolm  by  giving  a  higher  value  to  the 
length  of  time  during  which  the  second  stage  of  the  Neolithic  age 
persisted  than  I  have  here  tentatively  given.     I  am  not  constrained 
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to  question  bis  argument  and  conclusions  either,  which,  like  mine, 
are  merely  tentative. 

He  goes  on  to  argue  further  that,  during  the  period  since  the 
Idtorina  sea  was  initiated,  the  climate  of  Scandinayia  has  beoome 
distinctly  colder,  if  it  has  changed  at  all,  and  he  even  seems  to  adopt 
Ekholm's  suggestion  that  it  has  become  colder  to  the  extent  of 
reducing  the  midsummer  temperature  to  the  extent  of  2  degrees  0. 

Whatever  the  quantitative  value  of  the  suggestion,  the  external 
and  supplementary  evidence  seems  to  me  to  amply  sustain  the  main 
<M)ntention  of  the  Norwegian  writers,  and  to  show  that  for  a  long 
time  past,  whether  it  be  for  6,000  or  8,000  years,  and  not  impossibly 
the  latter,  the  climate  of  Scandinavia  bas  been  growing  colder  and 
not  growing  warmer. 

Let  us  shortly  turn  to  this  supplementary  evidence.  In  the  first 
place,  then,  it  seems  to  me  that  the  dominating  climatic  factor  in 
terrestrial  areas  depends  very  largely  upon  their  latitude,  an  element 
which  is  fixed,  and  their  elevation  above  the  sea-level,  which  is 
variable.  The  higher  the  land,  especially  in  high  latitudes,  the 
lower,  cateris  paribus^  the  mean  temperature.  This  is  an  elementary 
axiom  of  meteorology.  Inasmuch  as  the  Scandinavian  lands  in  the 
Zdiorina  time  were  more  submerged  than,  and  not  so  high  above  the 
water  in  the  Central  and  Northern  Baltic  as,  they  are  now,  it  follows 
inevitably  that  the  mean  climate  of  the  land,  in  so  far  as  it  was 
affected  by  its  height  above  the  sea-level,  was  warmer  in  the  Litorina 
time  than  it  is  now. 

Secondly,  in  northern  latitudes  salt  water  has  a  higher  mean 
warmth  than  fresh  water;  the  latter,  again,  freezes  much  more  easily, 
and  supplies,  therefore,  a  great  refrigerator  in  Winter,  when  the  Salter 
water  is  more  open.  Inasmuch  as  the  feature  of  the  Litorina  time  in 
the  Baltic  was  the  greater  salinity  of  that  sea,  it  follows  that  as  the 
Baltic  has  been  becoming  less  saline  it  has  also  become  cooler,  so 
that  in  both  respects  the  tendency  has  been  in  the  direction  of  a 
-severer  climate. 

A  third  element,  working  in  the  same  direction,  is  caused  by  the 
fact  that  the  inflowing  water  from  the  North  Sea  is  itself  warmer  as 
a  whole  than  the  outflowing  water  from  the  Baltic,  and  as  the  former 
was  present  in  larger  proportionate  quantities  in  the  Litorina  time 
than  now  this  again  confirms  the  same  conclusion. 

Let  us  now  turn  to  the  fauna  and  flora  of  Scandinavia  and  see 
what  it  tells  us.  There  cannot  be  a  doubt  that  since  the  Baltic 
breach  took  place  the  fauna  and  flora  of  the  Scandinavian  peninsula 
•and  of  the  Baltic  islands  has  not  been  in  a  position  to  receive  fresh 
recruits  and  accessions  from  beyond  the  sea.  The  peopling  of  such 
isolated  areas  by  the  vagabonds  of  the  biological  world  seems  to 
me  to  be  a  quite  fantastic  idea,  and  the  number  of  land  plants  and 
animals  (other  than  regular  or  irregular  migrants  from  the  classes 
of  birds  and  inseots)  which  have  reached  the  lands  in  question  since 
the  land-bridge  was  broken  down  must  have  been  insignificant 

We  may  accept  the  present  fauna  and  flora  of  Scandinavia  and  the 
Baltic  islands,  therefore,  as  a  fair  measure  of  what  the  climate  of 
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tbrae  Uods  'waa  when-  the  Baldo  bridge  wu  broken.  Hmh  mij 
have  been  a  partial  eztinotiou  of  formi  due  to  TarioDS  cwuh,  M 
Ute  olimate  of  the  land  waa  at  leoat  toLennt  of  all  the  TariMn  Iiniij> 
beinKS  whioh  now  exiat  there  and  whioh  muat  have  reached  tben 
overUnd. 

It  ie  neoessary  to  emphsaize  this  beoanse  the  poeition  hai  ben 
aomewbat  aophiatioated  by  the  efEbrta  of  the  NoiUiem  botasiata  In 
preaa  certain  looal  oonditions  into  a  general  law.  That  gmenl  la* 
aeema  to  me  inapplicable,  at  all  eventa,  to  the  period  whiok  ku 
elapsed  einoe  the  LHorina  atage  of  tba  Baltic  bistury  began.  It  hu 
been  often  affirmed,  for  inetanoe,  on  the  authority  oF  Sleenetrup,  iLst 
the  boga  of  Denmark  afford  a  kind  of  tbernioraelrical  stanikri]  of 
obange  of  olimate,  marked  by  the  auooeaaion  of  the  forests  embediieJ 
in  tbem.  At  the  bottom  of  all  are  pine  inniks.  The  piuv  has  bog 
oaaaed  to  grow  in  Denmark,  and  is  not  known  traditionally  Wx^k- 
Above  the  ptnee  come  oak-treea.  The  oalc  is  nlao  an  infreqneot  ttH 
in  Denmark.  The  present  foreata  of  the  country  are  oompoaed  of 
beeohei,  and  it  ia  argued  that  thie  ia  the  general  law  of  anooeawiD  of 
theae  treea,  the  faqt  being  that  when  we  go  to  Norway  we  find  that 
the  oaka  underlie  the  pinea.  Tbaa,  aa  Profeasor  Jatnea  Geikie  aayi, 
"Mr.  Blytt  baa  recorded  that  in  Sonth-Weatem  and  Sontbeni 
Norway  oaka  and  aldera  occur  at  the  bottom  of  the  bog,  whidi  ia  at 
variable  tfaiokneaa  and  formed  of  aquatic  and  marah-Ioving  planta. 
Above  tbia  under  portion  cornea  a  aeoond  foreat  layer,  oompoaed 
ohiefly  of  pines,  which  are,  in  their  tnm,  boned  under  a  second  bed 
of  apliagnum  peat.  Lindaberg  and  otbera  tell  ua  of  ezaotly  aimiliv 
pbenomeua  in  the  pent  hogs  of  Scania.  There,  as  in  Norway,  the 
bottom  foreat  beds  are  formed  of  leafy  treex,  while  the  upper  ones 
are  chiefly  coniferous  "  {"  Prehistoric  Europe,"  pp.  528-9),  ProFeasor 
Geikie  has  tried  to  get  over  this  difficulty,  but  quile  unavajlingly 
(id.,  pp.  5, 35,  S6).  The  fact  is  the  successiun  of  these  treea  was  long 
ago  shown  to  be,  not  it  lest  of  climate,  but  oF  another  thing  altogether. 
When  the  forest  fires  take  place  in  the  barren  lands  of  America  or  In 
Siberia,  it  is  found  that  a  forest  of  leafy  treea  nearly  always  ancceeda 
one  of  coniferous  trees,  and  vice  vtr»6,  and  the  explanation  ia  that  each 
class  of  tree  more  or  less  eihausts  the  Bpeoial  products  of  the  soil 
suited  to  it,  and  thus  gives  a  chance  to  its  rivals  to  supplant  it.  Again. 
the  forests  of  beech  which  now  grow  so  largely  in  Soania  and  Denmark 
do  not  grow  over  the  remains  of  the  buried  pines  and  oaks ;  these  lie 
in  boga  whose  surface  sustains  a  growth  of  birches.  The  beech 
does  not  like  such  soil  as  bog  earth,  the  deep  clay  in  whioh  the  oak 
luxuriates  or  the  sand  wastes  where  the  pine  thrives,  but  loves 
chalky  and  marly  aoils  and  gravels. 

I  take  it  that  the  distribution  of  the  trees  in  theae  areaa  was  always 
rather  dependent  on  the  constituents  of  its  aubeoil  and  on  whether  it 
waa  for  ths  time  being  drained  or  very  wet  than  otherwise,  and  was 
always  dominated  by  looal  oircumstanoea.  Thus  the  beeob,  inatead 
of  being  quite  a  new-comer  into  the  North,  was  there  from  eaily 
times,  but  did  not  thrive  on  bogs  or  in  land  where  olay  soil  abonndr. 
and  therefore  the  remaine  of  beech  do  not  naturally  ooonr  in  th« 
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peat,  while  the  oaks  and  pines  snooeeded  eaoh  other  on  sndh 
groond  irrespective  of  any  special  order,  and  rather  in  aooordanoe 
with  accident  than  law  and  controlled  by  local  and  sporadic 
conditions. 

What  we  know  of  the  distribution  of  the  beech  in  these  coantries 
is  significant.  It  has  been  treated  by  some  as  quite  a  late  arrival. 
It  is,  on  the  contrary,  an  old  tree  there.  Thus  Blytt  says  of  it :  ''  Its 
discontinuous  distribution  in  Norway  shows  that  it  is  a  long  time 
since  it  wandered  thither.  Along  the  whole  west  coast  it  only  grows 
wild  at  Samistrand,  north  of  Bergen.  It  also  has  a  scattered  dis- 
tribution east  of  Lindesvas.  That  it  is  truly  wild  with  us  is  shown, 
among  other  things,  from  the  large  number  of  lichens  peculiar  to 
beech  woods  which  are  found  in  the  beech  woods  of  Norway " 
C'lJeber  zwei  Ealk-tuff  bildungen  in  Judbrandsdalen" :  Engler 
Bot  Jahr.  Beiblatt,  p.  18,  1892). 

This  is  remarkable  testimony,  since  it  shows  that  the  beech  is 
an  old  denizen  of  Norway,  and  we  can  hardly  doubt  that  it  was 
living  there  at  the  time  of  the  Baltic  breach,  otherwise  it  must  have 
been  introduced  by  man,  which  is  incredible,  for  it  could  not  cross 
the  Sound  and  the  Belts,  nor  are  its  seeds  adapted  to  aerial  flights.  It 
is  also  old  in  Denmark,  for  B.  Sernander  reminds  us  how,  in  1873, 
Hansen  described  in  a  peat-bog,  near  the  lake  of  Ejedle,  a  mass  of 
leaves  and  a  specimen  of  the  fruit  of  the  beech  at  a  depth  of  6  feet 
(Engler  Bot  Jahr.,  xv,  85).  Jensen  also  cites  remains  of  the  beech 
as  occurring  with  those  of  the  pine,  oak,  hazel,  etc.,  in  the  marine 
beds  of  Randsbaek,  in  Vendyssel,  in  Jutland  (see  Denm.  geol.,  unter., 
1st  raekke,  iii,  308).  This  proves  that  even  in  Denmark  the  beech 
is  a  very  old  tree,  and  that  local  circumstances  have  combined  to 

S reduce  the  particular  succession  in  certain  places  as  described  by 
teenstrup. 

I  therefore  venture  to  question  the  feasibility  of  separating  the 
most  recent  period  of  Scandinavian  history  into  a  succession  of 
epochs  marked  by  the  prevalence  of  a  particular  tree.  That  may 
be  possible  at  an  earlier  horizon,  but  not  since  the  lAtorina  sea  was 
initiated.  The  attempt  means  applying  quite  local  conditions  to 
illustrate  widespread  geographical  problems. 

There  is,  however,  botanical  evidence  of  another  kind  which  points 
the  same  moral  as  the  evidence  already  adduced,  and  is  in  favour  of 
the  trend  of  climatic  change  having  during  recent  millennia  been 
from  a  warmer  to  a  colder  stage. 

There  is  evidence  from  the  fjelds  in  Norway  that  the  forests  in  the 
upper  ground  are  shrinking  and  the  trees  in  their  upper  stretches 
are  dying,  just  as  the  same  thing  is  happening  in  certain  districts  in 
the  Alps.  The  nomenclature  of  the  northern  part  of  the  country 
also  affords  evidence  that  since  the  human  period  there  has  been 
a  corresponding  shrinkage  in  the  area  where  cereals  can  grow. 

The  botanical  evidence  from  Scandinavia,  therefore,  fully  sustains 
that  deduced  from  the  mollusca  of  the  Cattegat  by  Petersen  and 
others,  in  favour  of  the  conclusion  that  the  climate  of  the  peninsula 
has  been  growing  colder  in  the  most  recent  geological  times. 
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ThiB  18  an  important  and  ominous  fact  to  be  remembered  by  tho 
who,  looking  across  the  horizon  separating  us  from  the  pennltimii.te 
obanges  in  the  world's  history,  see  there  a  portentous  ioe  age,  swathing' 
half  the  northern  hemisphere  in  ioe,  which  actually,  in  the  eyes  of 
some,  crept  up  to  the  very  threshold  of  our  time.    It  is  clear  that  the 
facts  and  conclusions  here  discussed,  so  far  as  they  go,  give  no  kind 
of  support  to  such  an  hypothesis.     They  point  unmistakably  tbe 
other  way,  namely,  to  a  recent  deterioration  instead  of  an  amelioration 
of  climate.     We  must  go  much  further  afield  than  the  last  6,000  or 
8,000  years  if  we  are  to  find  any  substantial  basis  for  that  theory  in 
Scandinavia,  and  a  fortiori  in  lands,  like  Britain,  situated  in  lower 
latitudes. 


V. — Note  on  the  Species  of  Paljeomastodon. 

By  C.  W.  Andrews,  D.Sc,  F.G.8.,  British  Museum  (Natural  History). 

DETAILED  examination  of  the  remains  of  fossil  mammals  from 
the  fluvio-roarine  beds  (Upper  Eocene)  of  the  Faytim  has,  in 
several  cases,  shown  that  the  number  of  species  of  the  various 
genera  has  been  underestimated.  This  is  especially  tbe  case  vrith 
Palaomasiodon^  of  which  originally  only  one  species,  P.  headndli, 
was  recognised.  Subsequently  another  form,  P.  mtntM,  was  named, 
and  now  it  has  become  necessary  to  establish  at  least  two  other 
species,  to  one  of  which  probably  by  far  tbe  greater  number  of  the 
specimens  collected  must  be  referred. 

The  species  of  Palaomastodon  fall  into  two  sections,  in  one  of 
which  the  posterior  end  of  the  symphysis  of  the  mandible  is  situated 
considerably  in  front  of  the  level  of  the  anterior  premolar,  while  in 
the  other  it  is  only  very  little  in  front  of  that  point.  The  first 
jijroup,  moreover,  is  distinguished  by  the  comparative  simplicity  of 
the  molars,  in  which  the  accessory  cusps  are  scarcely  at  all  developed, 
and  by  the  small  size  of  the  talon  of  the  last  lower  molar ;  into  this 
subdivision  the  original  species,  P.  headnelli,  falls,  together  with 
a  much  smaller  form  for  which  the  name  P.  parvus  is  now  proposed. 
The  type-specimen  of  this  new  species  is  the  right  ramus  of  the 
mandible,  with  the  premolars  and  molars  in  sitA,  though  somewhat 
crushed.  The  posterior  border  of  the  symphysis  is  about  5*5  centi- 
metres in  front  of  the  anterior  premolar,  which  at  once  distinguishes 
this  form  from  the  two  species  belonging  to  the  other  group.  The 
third  molar  consists  of  two  transverse  ridges,  each  composed  of  two 
tubercles,  and  a  smaller  third  crest  consisting  of  a  large  outer  and 
a  small  inner  tubercle ;  there  is  no  talon  unless  this  third  ridge  is 
80  regarded  ;  there  is  a  small  intermediate  tubercle  in  the  anterior 
valley,  but  otherwise  accessory  cusps  are  wanting ;  the  enamel  is 
very  smooth,  and  the  cingulnm  is  practically  absent.  M.  2  is 
trilophodont,  but  the  last  ridge  is  smaller  than  the  others ;  it 
consists  of  an  outer,  larger  and  an  inner,  smaller  cusp.  The 
dimensions  (in  centimetres)  of  the  molars  in  this  specimen  are  : — 
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Len^.  Breadth. 

HI*  1    .••        •••        •••        ...       0*9       •••        ...       «s  (app*! 

in.  3     *••         •••         **•         ...         4*u         ..*         ...         3*2  (app.) 

So  far  as  its  molar  pattern  is  ooncemed,  both  this  speoies  and 
f,  beadnelli  seem  to  be  more  primitive  than  the  other  speoies 
deferred  to  below,  bat  on  the  other  hand  P.  headndli,  by  its  larger 
-size,  and  both  it  and  the  present  species  in  the  elongation  of  the 
mandibular  rami,  appear  to  be  more  specialised.  This  intermingling 
of  primitive  and  specialised  characters  is  to  be  expected  in  a  group 
represented  by  several  contemporary  speoies  and  undergoing  rapid 
change  in  a  given  direction,  the  final  product,  in  this  case  Tetra- 
belodon  or  some  closely  allied  type,  being  the  resultant  of  the 
various  modifications,  and  here  combining  the  great  elongation  of 
the  mandible  with  increased  complication  of  the  teeth. 

The  second  group,  in  which  the  posterior  border  of  the  mandibular 
symphysis  is  immediately  in  front  of  the  anterior  premolar  and  the 
molars  are  complicated  by  the  addition  of  aooessory  cusps,  also 
includes  two  species.  Of  these  one,  P.  minor,  has  already  been 
described  (Gbol.  Mao.  [5],  Vol.  I,  p.  115) ;  the  other  is  a  much 
larger  form,  and  is  important  as  being  probably  the  commonest 
of  all  the  species ;  for  this  the  name  P,  wintoni  is  suggested,  in 
honour  of  Mr.  W.  E.  de  Win  ton,  by  whom  the  expenses  of 
my  third  collecting  trip  to  the  Faytlm  were  defrayed.  It  is 
considerably  larger  than  P.  parvus  and  P.  minor,  but  smaller  than 
P.  beadndli.  From  this  last  species  it  is  also  distinguished  by 
(1)  the  extension  back  of  the  symphysis  so  that  its  posterior  end 
is  only  just  in  front  of  the  anterior  premolar;  (2)  the  position  of 
the  mental  foramen  on  the  side  of  the  symphysis  instead  of  behind 
it;  (3)  the  greater  complication  of  the  molars  and  their  greater 
length  in  proportion  to  their  width ;  the  last  lower  molar  consists 
of  three  transverse  crests  and  a  distinct  talon.  The  type-specimen 
is  a  mandible  with  the  incisors  and  posterior  molars  in  sitH.  The 
dimensions  (in  centimetres)  of  this  specimen  are  :  — 

Length  from  condyle  to  tip  of  symphysis 74 

"Width  of  symphysis  at  narrowest 8 

Length  of  symphysis  21 

The  dimensions  of  the  teeth  are : — 

Length.  Width, 

m.  2        ...         ...        5*0        ...         ...        3*6 

m«  o        ...         ...        7*4        ...         ...        4*4 

Probably  the  greater  number  of  the  Palaomastodon  remains  so  far 
oollected  belong  to  this  speoies,  but  in  the  absence  of  associated 
series  of  bones  it  is  not  possible  to  be  sure  of  this,  although  it 
appears  that  no  mandibles  of  the  type  of  P.  headnelli  have  been 
obtained  in  the  pits  from  which  most  of  the  specimens  have  been 
collected. 

The  above-named  species  will  be  described  more  fully  and  figured 
in  the  forthcoming  <*  Catalogue  of  the  Tertiary  Vertebrata  of  the 
Faytlm."  
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B&iTxak  AsaooiATioir  iob  the  AoTAironEBn  of  Sotnoi. 
Saramr-FiFTH  AinruAx.  MnTiiro«  held  nr  South  Aimu, 
▲T    Oapb    Town    and    JoHAmrisBiisQi,    Auoum*    VSnm.  to 

SaPTBIfBK&  IST,  1905. 

List  of  Papibs  bbad  nr  Sbotiok  0,  Gioloot. 
FlrofesBor  H.  A.  Mints,  M.A.»  D.Se.,  F.K.S.,  F.O.S.,  Flrnitai. 

A.  W.  Bogert.— -Lecture  on  the  Oatlines  of  the  Qeol<^  ti  Gape 

Oolony. 
iVo/esfor  IF.  /.  SoOof.— The  Ooatinent  of  Afrioa  in  relation  to  the 

Ph  jsioal  History  of  the  Earth. 
Profuwr  B.  Brwrn, — ^The  Olassifioation  of  the  Earzoo  Beds  of 

South  Afrioa. 
/.  ZosMM. — Beport  of  the  Committee  on  the  Famaa  and  Moj^  of  tin 

Trias  of  the  British  Isles.  W 

P.  F.  JTeiuIaU.-— Beport  of  the  Oommittee  on  Erratic  Blocks  of  tbo 

British  Isles. 
A.  B.  DmerryhouM, — ^Beport  of  the  Oommittee  on  the  Undeigroimd 

Waters  of  North-West  Torkshix«. 
Dr.  Whedkm  Hind. — Beport  of  the  Committee  on  Li&*Bones  in  the 

British  Carbonifeioos  Itooks. 
H,  C  Sehunke-HoUway. — ^The  Physioal  (Geography  of  Cape  Colony. 

A,  IF.  Sogers, — Glacial  Periods  in  South  Africa. 

Professor  A.  Penck. — Changes  of  Climate  as  shown  by  Movements 

of  the  Snow-line  and  Upper  Tree- Limit  since  Tertiary  Times. 
Professor  W.  M.  Davis, — The  Sculpture  of  Mountains  by  Glaciers. 

B.  N.  Eudmose  Brown. — ^The  Scottish  Antarctic  Expedition's  Visit  to 
Diego  Alvarez*  or  Gough  Island. 

Professor  A,  Young, — On  a  Subterranean  Tide  in  the  Karroo. 

A.  L.  du  Toil, — The  Stormberg  Formation  in  Cape  Colony. 

/.  Milne, — Hecent  Advances  in  Seismology. 

H,  T.  Ferrar. — On  the  Geology  of  South  Victoria  Land. 

JE,  H,  L,  Schwarz, — Baviaan's  Kloof:  a  Contribution  to  the  Study  of 
Mountain  Folds. 

/.  W,  Slather, — Report  of  the  Committee  on  the  Fossiliferous  Drift- 
Deposits  at  Kirmington,  Lincolnshire. 

Head  at  Johanneshtrgy  Attgust  29th  to  September  lit, 

Pbesidbnt's  Address.     (See  Geol.  Mag.,  pp.  417,  473,  619.) 

Professor  J,  W.  Gregory. — On  the  Rhodesian  Banket. 

Professor  J.  W.  Gregory. — The  Indicators  of  the  Goldfield  of  Ballarat : 

a  Study  in  the  Distribution  of  Gold  Pockets. 
Professor  B.   Beck. — On   the   Relation    between    Ore    Veins    and 

Pegmatites. 
Dr.  A.  P.  Coleman. — Magmatic  Segregation  of  Sulphide  Ores. 
Professor  G.  A.  J,  Cole. — Marginal  Phenomena  of  Granite  Domes. 
J5r.  8.  Barger. — The  Diamond  Pipes  and  Fissures  of  South  Africa. 
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JP.  P.  MenneU. — Belation  of  the  Igneous  Bocks  to  the  Crystalline 
Schists. 

O.  W.  Lamplugh,  F.B,S. — Report  on  the  Batoka  Gorge  of  the 
Zamhesi,  and  the  Surrounding  Country  between  the  Victoria  Falls 
and  the  Confluence  with  the  Oeka  Biver.     (See  p.  529.) 

Professor  A.  Penck, — Glacial  Deposits  of  the  Alps. 

B.  Kynaston. — Becent  Work  of  the  Transvaal  Geological  Survey. 
Br.  F,  H.  Hatch. — The  Correlation  between  the  Pre-Earroo  Bocks 

of  the  Transvaal  and  those  of  Cape  Colony. 
Br.  F.  H.  Hatch. — On  an  Instrument  for  Surveying  Boreholes. 
W.  Anderson. — On  the  occurrence  of  Fossiliferous  Bocks  of  Tertiary 

Age  in  Natal  and  Zululand. 
8.  8.  Boman, — The  Geology  of  Basutoland. 

C.  Baring- Horwood. — ^The  Dolomite  Formation  of  the  Transvaal. 

W.  Anderson. — On  the  occurrence  of  Fossiliferous  Bocks  of  Tertiary 
Age  in  Natal  and  Zululand. 

E.  T.  MeUor. — Evidences  in  the  Transvaal  of  Glacial  Conditions  in 
Permo-Carboniferous  Times. 

O.    W.  Zamplugh,  F.B.S.  —  Note  on  the  occurrence   of  Dwyka 

Conglomerate  at  Kimberley  Mine. 
H.  8.  Harger. — The  Diamond  Pipes  and  Fissures  of  South  Africa. 
Dr.  J.  T.  Carrieh — Geology  of  the  West  Band. 

F.  P.  Mennell. — Belation  of  the  Igneous  Bocks  to  the  Crystalline 
Schists. 

E.  Seneage. — A  Consideration  of  the  ArchsBan  Period  of  North 
America  and  South  Africa,  with  reference  to  Mineral  Occurrences. 

Photographs  of  Bussian  fossil  reptiles,  lent  by  Professor  Amalitzky, 
of  Warsaw,  were  on  exhibition  in  the  Committee-room  of  Section  C. 

The  following  is  a  list  of  the  titles  of  papers  bearing  upon 
Geology  which  were  read  in  other  Sections  of  the  British  Association 
in  South  Africa : — 

SsonoN  A. — Mathematioal  and  Physio al  Soiknos  (Aug.  SOth). 

Professor  J.  Milne,  F.B.8. — Beport  of  the  Seismological  Committee. 
Professor  J.  Milne,  F.B.S. — Becent  Advance  in  Seismology. 

Section  B. — Chemistry. 

Professor  P.  Hahn. — A  South  African  Mineral  Spring. 

Section  D. — Biology  (Zoology). 

Beport  of  the  Committee  on  the  Index  Animalium. 
Professor  B.  Broom. — On  the  Origin  of  Mammals. 
Professor  W.  B.  Scott. — Convergent  Evolution  as  illustrated  by  the 
Litopterna — a  group  of  fossil  Ungulata  in  Patagonia. 

Section  D. — Biology  (Botany). 

A.  C.  Seward,  F.B.S.— The  Fossil  Floras  of  South  Africa. 

Section  H. — Anthbopology. 

Beport  of  Committee  on  Lake-Village  of  Glastonbury,  Somerset. 
J.  P.  Johnson. — Stone  Implements  in  South  Africa. 


566      Smews — Geological  Survey  of  England  and  Wale9. 

L — Qeologioal  Subyky  of  England  and  Walks. 

Thk  Qkoloqy  of  the  Gountbt  South  and  East  of  Dinxe. 
By  A.  J.  Jukbs-Bbownk,  B.A.,  F.G.S.  pp.  61.  (1905. 
Prioe  1«.) 

IN    this    memoir,    which   is  accompanied    by   a  geological  m&p 
(Sheet  282,  price  Is.  6d.),  very  clearly  printed  in  colours,  we 
have  a  description  of  a  large  part  of  Salisbury  Plain,  inclading 
the   War  Department  land  between  Tidworih  and  Balford,  and 
also  of  the  Yale  of  Pewsey  as  far  east  as  Burbage.     The  general 
structure  of  the  area  is  shown  in  a  line  of  coloured  section,  engraved 
at  the  foot  of  the  map,  and  by  a  column  of  strata,  drawn  to  scale. 
Beds  from   the   Oxford   Clay  to  the  Heading   Beds  and  alluvial 
deposits  are  depicted  on  the  map  and  described  in  the  memoir. 
There  are,  however,  some  missing  strata;  the  Coral lian  beds,  for 
instance,  do  not  appear  at  the  surface,  as  they  are  cut  out  by  a  fault ; 
and  there  are  striking  evidences  of  unconformable  overlap  or  over- 
step where  the  Lower  Greensand  crosses  the  outcrop  of  the  Portland 
Beds,  and  where  the  Gault  and  higher  Cretaceous  rocks  extend 
over  the  Lower  Greensand  on  to  the  Jurassic  strata.     The  remnants 
of  Heading  Beds  rest  unconformably  on  the  Upper  Chalk.     The 
district  is   one   that  was  described   in   part  by   the   old   masters, 
Lonsdale  and  Fitton,  while  the  country  around  Devizes  is  especially 
associated  with   the  name  of   William  Cunnington,   who  amassed 
a  rich  collection  of  fossils,  many  of  them  now  in  the  British  Museum 
and  others  in  the  Devizes  Museum. 

Full  particulars  are  given  of  the  strata  and  their  fossils ;  the 
account  of  the  Cretaceous  rocks,  which  occupy  most  of  the  area, 
extending  over  five  of  the  eleven  chapters.  There  are  notes  also 
on  the  economic  deposits,  including  the  Seend  iron-ore,  which  is  no 
longer  worked,  and  on  the  springs  and  water-supply. 

With  the  exception  of  the  valley  deposits  there  is  very  little 
*  Drift,*  the  few  tracts  of  clay-with-flints  being  remarkable  over  the 
wide  expanse  of  the  Chalk  downs.  Mr.  Jukes-Browne  expresses 
his  opinion  "  that  this  deposit  has  been  formed  almost  entirely  from 
Eocene  material,  and  that  it  only  occurs  at  places  where  the  present 
surface  is  not  far  below  the  ancient  plane  of  erosion  on  which  the 
lowest  Eocene  deposits  were  laid  down." 


II. — Geological  Survey  of  Canada.  By  Robert  Bell.  I.S.O., 
M.D.,  D.Sc,  LL.D.,  F.R.S.  Summary  Report  for  the  Calendar 
Year  1904.  8vo ;  pp.  392  and  xxxviii,  figures  and  maps. 
(Ottawa  :  S.  E.  Dawson,  1905.) 

THIS  report  deals  in  a  general  way  with  the  operations  of  the 
Geological  Survey  Department  for  the  year  ended  31st 
December,  1904.  The  first  part  (pp.  i-xxxviii)  contains  a  brief 
resume  of  the  work  carried  on  during  that  year  at  headquarters. 
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eomUiiiig  of  the  preparation  of  the  numeroas  pablioationa  iaaned 
by  the  department,  the  making  of  the  maps,  matters  relating  to 
eoonomio  geology,  the  oare  of  the  oolleotions,  eto.  The  field-work 
{**  offioers'  reports  ")  fills  up  the  rest  of  the  volume. 

Mr.  R.  G.  MoConnell  describes  his  exploration  of  the  new  goldfield 
of  the  Kluane  district,  Yukon.  This  embraoes  Alsek  River,  Elaane 
Lake,  and  the  north-eastern  slope  of  the  St.  Elias  range.  The  last 
has  beoome  familiar  to  g^graphers  through  the  Italian  expedition 
of  1897  under  the  Dnke  of  the  Abruzzi,  when  an  ascent  of  Mount 
St.  Elias  (the  highest  point  in  Alaska)  was  made.  A  great  variety 
of  massive  igneous  rocks  occur  in  this  range.  Unlike  the  Rocky 
Mountain  range,  there  is  no  evidence  of  overtbrust  faulting, 
reversing  the  normal  sequence  of  the  beds,  though  they  are  highly 
tilted.  The  gold  is  of  local  origin,  and  is  derived  from  the  quartz 
▼eins  cutting  the  Kluane  schists.  The  production  is  at  present 
small,  but  worked  by  more  economical  methods  there  seems  promise 
of  future  success. 

Mr.  Joseph  Eeele  examined  the  Duncan  Creek  mining  district, 
Stewart  River,  Yukon  territory,  where  also  '  coarse '  gold,  derived 
ohiefly  from  the  bed-rock  (quartz  and  mica -schist),  is  widely 
distributed.     Maps  accompany  both  these  reports. 

Dr.  R.  W.  Ells  and  Mr.  R.  A.  A.  Johnston  were  occupied  in 
working  out  the  geological  structure  of  the  Nicola  Coal -basin, 
British  Columbia,  with  special  reference  to  the  occurrences  of  coal 
and  the  ores  of  iron  and  copper.  The  rocks  of  this  area  were 
described  in  1877-8  and  in  1894  by  Dr.  G.  M.  Dawson,  who 
gave  the  name  *'  Nicola  Series "  to  the  volcanic  rocks  (Triassio) 
and  **  Coldwater  Group  "  to  the  sedimentary  (Tertiary)  rooks.  The 
former  consist  of  diabase,  porphyrite,  rhyolite,  andesite,  felsite,  and 
agglomerate,  with  which,  locally,  large  masses  of  granite  of  later 
date  are  associated.  The  sedimentary  rocks  comprise  conglomerate, 
sandstone,  and  gprit,  shale  and  beds  of  coal,  which  are  in  some 
places  lignite  of  fair  quality,  as  at  Similkameen,  but  in  other 
places  they  pass  into  bituminous  coal,  as  in  the  Nicola  Valley, 
where  they  form  deposits  of  great  value.  A  map,  coloured 
geologically  and  on  a  scale  of  one  inch  to  one  mile,  is  appended 
to  this  report. 

Professor  R.  W.  Brock  continued  his  work  in  the  Lardeau 
mining  district,  British  Columbia,  begun  in  the  previous  season 
(1903).  He  describes  the  physical  geography,  glacial  geology, 
solid  rocks,  and  mining  geology  of  the  district.  The  value  of  the 
mining  seems  to  be  rather  prospective  than  present.  The  ores 
found  are  gold,  silver,  and  lead. 

Dr.  R.  A.  Daly  contributes  a  report  on  the  geology  of  the 
western  Cordillera,  along  the  line  of  the  international  boundary 
(49th  parallel). 

A  few  pages  are  occupied  by  Professor  John  Macoun,  the  well- 
known  botanist  to  the  Survey,  in  a  report  upon  the  natural  history 
of  the  '*  National  Park  "  (Rocky  Mountain  Park),  including  also  its 
botany. 
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Mr.  D.  B.  Dowling  ooniinaed  his  examination  of  the  coalfieldi  o 
the  Rocky  Mountain  region  adjacent  to  the  line  of  the  Canadiaii 
Pacific  Bailwajy  where  he  has  made  important  discoveries  of  ooal- 
seams.  This  report  is  accompanied  by  a  coloured  geological  map 
of  the  Costigan  Coalfield,  Alberta,  and  other  illustrations. 

During  the  Canadian  Government  expedition  to  **  Hudson  Bay  and 
Northward"  under  Mr.  A.  P.  Low,  some  observations  were  made 
as  time  would  allow  (the  object  of  the  expedition  being  other  than 
scientific)  upon  the  geology  and  natural  history  of  the  coast  and 
adjacent  regions.  The  scientific  results  of  this  expedition  indicate 
the  importance  of  the  presence  of  trained  scientific  men  on  such 
expeditions,  if  full  advantage  of  them  is  to  be  taken.  The  western 
coast  of  Hudson  Bay  was  geologically  examined  from  the  head  of 
Chesterfield  Inlet  to  that  of  Wager,  and  track  surveys  made.  Ihe 
western  shore  of  Southampton  Island  and  Ungava  Bay  were 
similarly  examined,  a  survey  of  2,041  miles  being  in  all  accom- 
plished. The  predominant  rocks  observed  on  Southampton  Island 
were  a  coarse  granite-gneiss  with  broken  bands  of  diabase  and 
chloritic  schists.  These  rocks  are  overlain  by  Silurian  limestone 
in  places.  On  the  eastern  shore  of  Ungava  Bay  the  rocks  are 
all  Arohsean,  principally  granite-gneiss,  with  a  large  amount  of 
basic  irruptivesy  such  as  gabbro  and  anorthosite.  Large  oolleotions 
of  rocks,  fossils,  the  northern  mammals  and  birds,  as  well  as  fishes 
and  marine  invertebrates,  were  made,  as  also  Arctic  plants.  The 
expedition  occupied  14  months  from  the  time  of  leaving  Halifax  to 
its  return  to  that  port 

Mr.  Charles  Camsell  made  geological  and  the  necessary  topo- 
graphical surveys  in  Eastern  Manitoba  and  those  parts  of  the 
country  between  Lake  Winnipeg  and  the  Severn  River.  This  area 
18  occupied  by  rocks  of  Archaean  age,  principally  granites  and 
gneisses.  Mr.  Camsell  traced  the  boundaries  of  the  eastern  ex- 
tension of  the  Huronian  area  around  Red  Lake,  and  also  discovered 
some  additional  small  areas  of  Huronian  rocks. 

Mr.  Wm.  Mclnnes  followed  up  his  interesting  explorations  of  the 
previous  year  in  the  extensive  and  hitherto  almost  unknown  region 
of  the  Winisk  River  and  surrounding  country,  lying  to  the  south  of 
Hudson  Bay  proper.  His  work  adds  materially  to  a  knowledge  of 
the  rock-formations  of  this  region. 

Mr.  W.  J.  Wilson  worked  in  the  country  lying  northward  of 
Long  Lake,  north  of  the  central  part  of  Lake  Superior,  including 
the  head- waters  of  some  large  branches  of  the  Albany  River.  He 
traced  out  a  further  extension  of  a  known  area  of  Huronian  rooks 
in  which  gold,  copper,  and  iron  ores  may  eventually  be  found. 

Mr.  Owen  O'SuUivan  surveyed  and  explored  the  southern  and 
western  coasts  of  James  Bay  as  far  north  as  Cape  Henrietta  Maria. 
These  coasts,  occupying  the  central  part  of  the  map  of  Canada,  had  not 
previously  been  very  accurately  delineated.  The  work  was  under- 
taken to  supply  this  want,  and  at  the  same  time  to  observe  and 
record  the  geological  features  of  this  region.  A  map  of  the  coastline 
surveyed  is  added  to  the  report. 
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Haasn.  K  D.  Ingall  and  Theo.  Denis  oontinued  the  detailed 
geology  of  the  typical  Haronian  area  in  the  Braoe  Mines  district 
of  Algoma.  A  map  illastrating  the  geology  of  this  area  aooompanies 
(he  report,  whioh,  in  addition  to  the  geological  interest  attached  to  it, 
is  expected  to  be  of  service  in  the  future  search  for  copper  deposits. 

Br.  A.  E.  Barlow  has  an  interesting  report  on  Corundum  in 
Ontario.  The  occurrences  of  this  valuable  mineral  in  Canada  are 
confined  to  a  series  of  eruptive  rocks  frequently  presenting  a  well- 
marked  foliation,  in  close  accordance,  as  a  general  rule,  with  that  of 
the  Borrounding  g^ranites  and  diorites  (Laurentian  gneisses).  The 
eonindom-bearing  rocks  are  of  syenitio  or  gabbroic  type.  "The 
simplicity  andi  at  the  same  time,  completeness  of  the  Canadian 
ocoarrenoes  of  corundum,  combined  with  the  fresh  and  unaltered 
•character  of  the  associated  minerals,  at  once  removed  all  doubt  as 
to  the  pyrogenetic  origin  of  this  mineral,  showing  clearly  its 
development  as  a  primary  constituent  from  a  highly  aluminous 
silicate  magma,  as  one  of  the  first  products  of  its  crystallization." 
It  is  worthy  of  note  that  Canada  is  now  the  largest  producer  of 
•corundum  in  the  world. 

Dr.  Barlow,  associated  with  Dr.  G.  A.  Young,  continued  work  in 
the  Temagami  Lake  region. 

Professor  W.  A.  Parks  investigated  a  part  of  the  country  on  the 
western  side  of  Lake  Timiskaming  and  thence  northward  to  some 
of  the  branches  of  the  Blanche  River  in  connection  with  the  recent 
discoveries  of  silver  and  cobalt  in  that  district  He  mapped  out  the 
rock-formations  of  the  region,  and  indicated  the  zone  in  which  the 
two  metals  occur. 

Mr.  A.  F.  Hunter  was  occupied  in  the  district  from  Orangeville 
Borthward  to  Thombury,  Ontario,  in  tracing  the  interesting  high- 
level  shore-lines  along  the  fianks  of  the  Blue  Mountain  escarpment 
sonth  of  Georgian  Bay  (Lake  Huron). 

An  important  task  was  begun  by  Professor  Ernest  Haycock  in 
working  out  the  detailed  geology  of  the  upper  Laurentian  series 
In  the  south-western  part  of  the  county  of  Ottawa.  This  area 
contains  a  great  variety  of  crystalline  rocks,  which  Professor  Haycock 
divides  into  nine  groups,  consisting  of  gneiss,  crystalline  limestone, 
qnartzite,  altered  greenstone,  etc.  After  further  work  it  is  intended 
to  issue  a  map  of  the  district  on  a  scale  of  one  inch  to  one  mile, 
to  show  the  geological  structure  and  the  distribution  of  the  rocks  in 
a  manner  similar  to  that  done  by  Sir  William  Logan  on  his  map  of 
a  typical  area  of  upper  Laurentian  rocks  in  the  county  of  ArgenteuiL 

The  geology  of  part  of  the  county  of  Ottawa  engaged  the  attention 
of  Mr.  J.  F.  £.  Johnston  and  proved  to  be  of  a  very  intricate  nature. 
The  Li^vre  River  and  Templeton  phosphate  district  are  included  in 
the  area  examined. 

Dr.  Robert  Chalmers  investigated  the  surface  geology  of  the 
Gaspe  peninsula  and  of  the  country  along  the  south  side  of  the 
lower  St.  Lawrence  from  Gaspe  south-westwards  towards  the  city 
of  Quebec.  Thence  he  worked  northward  to  Lake  St.  John  and 
the  valley  of  the  Saguenay,  noting  that  there  are  a  number  of 
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interesting  problems  relating  to  glaciation,  geomorphio  ohangeii 
altered  drainage-lines,  etc.,  offering  themselves  for  inTestigatioQ 
and  study  in  this  region. 

Dr.  J.  A.  Dresser  continued  the  work  of  proTious  years  by 
examining  and  defining  the  copper-bearing  rooks  of  the  Eastsni 
Townships  (Sherbrooke  district),  thus  enabling  prospectors  to  cod- 
fine  their  labours  to  the  productive  zones  only.  The  investigation 
applied  mainly  to  the  pre-Oambrian  rocks,  and  it  was  found  that  the 
workable  copper  is  chiefly  restricted  to  certain  igneous  portions  of 
these  rocks.  A  petrographio  subdivision  of  the  pre-Cambrian  strata 
into  volcanic  (copper-bearing)  and  sedimentary  rocks  was  made  b 
conformity  with  this  discovery. 

The  completion  of  the  study  of  the  geology  of  certain  parts  of 
Charlotte  County,  New  Brunswick,  was  undertaken  by  Dr.  R.  W. 
Ells.  This  work  included  the  examination  of  the  rooks  of  Grand 
Manan  Island,  and  of  portions  of  the  shore  of  the  Bay  of  Fundy, 
between  Beaver  Harbour  and  Point  Lepreau,  where,  at  different 
places,  through  the  agency  of  intrusives,  the  ordinary  sedimentary 
rocks  of  Silurian  and  Devonian  age  became  altered  to  the  condition 
of  schists  of  pre-Cambrian  aspect. 

Professor  L.  W.  Bailey  was  occupied  in  making  geological  investi- 
gations in  New  Brunswick  (1)  in  the  search  for  fossils  in  the 
pre-Carboniferous  rocks  of  York  and  Carleton  Counties,  and  (2)  in 
obtaining  information  relating  to  the  economic  minerals  of  New 
Brunswick.  The  study  of  the  fossils  collected  was  intrusted  to 
Dr.  H.  M.  Ami,  whose  description  of  them  forms  an  appendix  to  the 
report.  Several  species  of  graptolites  from  the  black  carbonaceous 
shales  on  the  Tete  a  Gauche  Hiver,  near  Bathurst,  Gloucester  County, 
New  Brunswick,  were  named,  their  facies  suggesting  an  Ordoviciau 
fauna  belonging  to  one  of  those  zones  of  graptolites  occurring  on 
the  St.  Lawrence  and  Hudson  Rivers.  Some  Brachiopods  from  the 
S.W.  Miramichi  River  were  too  obscure  for  specific  identity.  Tracks 
of  some  organism,  probably  an  annelid  or  other  related  form,  were 
found  at  Tapley*8  Mill,  Woodstock.  New  Brunswick,  in  an  indurated 
slate;  to  this  Dr.  Ami  gives  a  new  generic  and  specific  name — 
Eugyrichnites  minnins.  The  geological  origin  of  the  slates  is  not 
determinable  from  the  evidence  at  hand,  but  the  new  designation  of 
the  fossil  is  offered  for  the  sake  of  reference. 

Mr.  Hugh  Fletcher,  with  two  assistants,  continued  field-work  in 
Nova  Scotia  in  the  counties  of  Cumberland,  Hants,  King's,  and 
Annapolis,  including  practical  researches  in  the  coalfields  and  iron- 
ore  districts  of  those  counties.  A  notable  discovery  was  made  by 
Mr.  Fletcher,  by  whose  advice  a  borehole  was  sunk  to  the  depth  of 
2,340  feet,  in  the  shape  of  a  ten-foot  seam  of  coal.  ITiis  important 
piece  of  work  opens  at  once  a  prospect  of  finding  numerous  workable 
coal-seams  throughout  a  new  area  fifty  miles  in  length  by  thirty  in 
breadth. 

A  preliminary  geological  map  of  the  Nictaux  and  Torbrook  iron 
district  of  Annapolis  County  illustrates  this  report. 

Mr.  E.  R.  Faribault  was  engaged  upon  a  special  report  on  the 
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goldfields  of  Eastern  Nova  Sootia;  a  general  map  of  the  gold- 
bearing  rocks  of  the  province  from  Canso  to  Yarmouth,  and  the 
granite  areas,  and  a  geological  and  structural  map  of  the  gold-bearii>g 
rocks  of  the  eastern  part  of  the  province,  from  Isaac  Harbour  to 
Moont  Uniaoke.  He  is  also  preparing  a  bulletin  on  the  occurrence 
of  gold  in  Nova  Scotia  generally. 

An  interesting  account  by  Mr.  R.  A.  A.  Johnston  of  a  meteorite 
which  fell  August,  1904,  near  the  village  of  Shelbume,  Ontario, 
ooncludes  the  geological  section  of  this  report.  The  fragment, 
irregular  and  angular  in  form,  weighed  12^  lbs.,  and  was  marked  by 
the  pittings  and  corrugations  characteristic  of  many  meteoric  bodies. 
Another  specimen  which  may  or  may  not  have  formed  part  of  the 
first  was  found  not  far  from  it,  and  was  examined  superficially  by 
Mr.  Johnston.  This  last  weighed  28  lbs.,  and  was  found  at  a  depth 
of  about  2  feet  from  the  surfiace  of  the  ground,  into  which  it  had  sunk 
in  its  fall.  It  is  intended  by  its  present  owner  to  be  sent  to  the 
University  of  Helsingfors,  Finland.  It  would  seem  a  matter  for 
regret  that  this  interesting  specimen  was  not  secured  for  the  Museum 
at  Ottawa. 

Dr.  Q.  C.  Hoffmann  gives  a  succinct  account  of  the  work  done  in 
the  departments  of  Chemistry  and  Mineralogy.  This  was  almost 
exclusively  confined  to  the  examination  and  analysis  of  such  ores 
and  minerals,  etc.,  as  were  considered  likely  to  prove  of  economic 
Talue.  Following  this  is  a  summary  by  Mr.  C.  0.  Senecal  of  the 
cartographical  work  accomplished  under  his  supervision  as  geographer 
and  chief  draughtsman. 

Dr.  J.  F.  Whiteaves  reports  upon  the  work  of  the  department  of 
Palaeontology  and  Zoology,  and  promises  a  fourth  part  of  the 
''Palasozoio  Fossils,"  to  consist  of  the  fossils  of  the  Silurian  rocks 
of  Keewatin,  Manitoba,  and  Saskatchewan  contained  in  the  museum. 
Mr.  L.  M.  Lambe's  work  in  vertebrate  palssontology  is  also 
referred  to. 

A  summary  by  Mr.  E.  D.  Ingall  and  his  staff  of  the  mineral 
production  of  Canada  in  1904  shows  an  aggregate  value  of  over 
£12,000,000.  The  report  concludes  with  four  appendices  consisting 
of  (i)  assays  of  ores  referred  to  in  Mr.  Ingall's  report;  (ii)  notes 
by  Dr.  Ami  on  some  obscure  fossils  collected  by  Mr.  Hugh  Fletcher 
in  Nova  Scotia;  (iii)  description  by  Dr.  Ami  of  a  new  species  of 
Bythotrephia  (B.  Yukonensis)  from  the  Yukon  District;  and  (iv) 
determinations  by  Dr.  Ami  of  fossil  plants  from  British  Columbia 
and  the  North- West  Territories  collected  by  Professor  Penhallow  of 
MoGill  University,  Montreal. 

This  voluminous  report,  though  only  a  summary  of  the  work 
aooomplished  by  the  very  efficient  staff  now  carrying  on  the  Survey, 
contains  a  vast  amount  of  information  relating  to  the  physical 
resources  of  the  Dominion,  and  indicates  especially  the  great 
development  that  is  taking  place  in  mining  in  all  its  branches. 
A  feature  which  greatly  enhances  the  usefulness  of  the  report  is 
the  number  of  maps  that  accompany  it.  We  must  also  compliment 
the  writers  on  the  deamess  as  well  as  succinctness  of  their 
snmmaries.  Abthub  H.  Foobd. 
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QlOLOOIOAL  SOOIBTT  OV  LOKDOH. 

The  opening  meeting  of  the  Seseion  was  held  at  Barliagton  Boom 
on  the  evening  of  November  8th,  1905.  J.  E.  Harr,  SaD.,  F.&&, 
President,  in  the  ohair. 

The  President  annoonoed  that  the  Conncil  at  their  meeting  on 
Jnne  28th  last  had  passed  the  following  resolutions : — 

1.  "  The  Oonncil  derire  to  record  on  their  Minutes  an  ezpreerion  ol  tiMir  609 
regret  at  the  deatiki  of  their  distinguished  Treasorer,  and  of  theur  gmtefal  leoonitioa 
of  tile  loyal  and  effectiTe  senrioes  whioh  for  so  long  a  series  of  Tears  he  has  gifaa  to 
the  Geokgieal  Sodetj  as  Secretary,  President,  Trsasorer,  and  Member  ol  OonsoiL*' 

2.  '*  That  a  copy  of  this  resohition  be  forwarded  to  Mrs.  Bhmfdrdy  wifli  ai 
expression  of  the  deep  sympathy  of  tiie  Gonneil  with  hersdf  and  famify." 

The  following  eommunioaticms  were  read : — 

1.  "  The  Ooast-Ledges  in  the  Soath-West  of  the  .Cape  Ookmy " 
By  Professor  Ernest  Habert  Lewis  Sohware,  A.B.O.S.,  F.GJ3. 

The  following  ooast-shelves  have  been  reoognized  by  the  anOior 
in  Oape  Colony : — 

HATIVB 
KAXB  OF  SHELF*       WBSTBBN.  MIDLANDS.  BASranN.       TXRUlXaai. 

Gyphergat 500(M»000?  5000-6000P  5460?  ~ 

Sterkstroom 3600-4000?  4000?  4406?  4500? 

Kentani >     2500  2500 

DeYlugt 1500  1000  1500  1500 

Uplands 700  468                     467  600 

Bamboes  Bay....  50-100  200                     151  50-200 

Sea-level —  —                       —  — 

Agulhiis —600 

The  most  striking  of  these  is  the  Upland  shelf,  which  extends  from 
Caledon  to  Port  Elizabeth.  It  is  cut  by  deep  gorges  into  narrow 
ridges  or  *  ruggens/  but  at  a  height  the  level  tops  of  these  ridges 
can  be  observed.  The  surface  is  in  places  covered  with  superficial 
deposits,  cemented  boulder- deposits,  gravels,  and  sandy  olays, 
hardened  at  the  surface  into  ironstone  or  fresh-water  quartzite. 
The  author  considers  that  this  shelf  cannot  have  been  formed  as 
a  peneplain,  but  by  marine  denudation.  On  the  150-200  foot 
plateau  there  are  deposits  with  marine  shells,  and  in  a  depression  on 
its  top  the  evaporation  of  rain-water  produces  a  large  quantity  of 
salt.  The  rock-shelf  under  the  Cape  Flats  appears  also  to  have  been 
cut  by  the  sea.  The  Agulhas  Bank  seems  to  consist  of  a  succession 
of  ledges,  but  it  is  not  known  whether  further  shelves  extend  beyond 
its  margin.  Taking  the  ledges  together,  the  continent  would  appear 
to  have  been  subject  to  lifts  of  600  or  700  feet,  with  intermediate 
halts  and  set-backs.  The  author  introduces  the  term  '  absolute 
base-level  of  erosion'  "to  express  the  ocean-floor,  including  the  shelf 
or  level  of  erosion  cut  by  the  surf  and  off-shore  currents  that  came 
near  the  water^s  edge  when  the  depression  of  the  present  land- 
masses  commenced."  The  author  compares  the  shelves  of  Gape 
Colony  with  those  described  on  the  European  and  American  sides  of 
the  North  Atlantic,  and  he  places  the  *  absolute  base-level  of  erosion* 
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at  12,000  feet  in  North  Amerioa,  8,000  feet  in  Europe,  and  1,200  feet 
in  South  Africa.  With  these  varying  heights  he  correlates  the 
topography  of  the  bordering  continents — the  sharp  divides,  open 
river-valleys,  permanent  rivers  and  deltas,  of  Europe  and  America, 
where  the  movement  has  been  downward  and  has  almost  reached 
bottom,  in  contrast  with  the  flat  undenuded  divides,  the  steep,  narrow 
gorges,  the  waterfalls,  and  the  rooky  river-gates  of  South  Africa, 
which  is  on  the  up-grade  and  probably  near  the  top. 

2.  ''The  Qlaoial  Period  in  Aberdeenshire  and  the  Southern 
Border  of  the  Moray  Firth."     By  Thomas  F.  Jamieson,  F.G.S. 

One  of  the  most  interesting  features  in  the  Qlaoial  geology 
of  Aberdeenshire  is  the  Red  Oiay  found  along  the  eastern  coast  of 
the  county.  It  consists  of  red  sediment  brought  by  ice  flowing 
along  the  coast  from  south  to  north,  which  also  carries  rocks  from 
the  coast  between  Montrose  and  Luuan  Bay.  The  clay  is  some- 
times finely  laminated  ;  at  other  times  it  is  mixed  with  stones ;  and 
at  times,  again,  contains  esker-like  mounds  of  gravel.  It  includes 
fragments  of  Crag-shells  and  of  Mesozoic  limestone.  The  purer 
masses  of  clay  seem  to  have  formed  in  a  sheet  of  water  lying  in 
front  of  the  ice,  between  it  and  the  land,  during  the  retreat  of  the 
Aberdeenshire  ice,  and  at  a  time  when  the  coast  was  submerged 
beneath  water  to  a  level  exceeding  300  feet  above  the  present 
coastline.  Evidence  of  the  northward  motion  of  the  ice  is  given 
from  strisd,  the  transport  and  removal  of  flints,  and  the  bending  over 
of  the  edges  of  folia  of  gneiss.  The  red  clay  is  underlain  by  a  grey 
clay,  and  sometimes  covered  by  a  similar  one.  The  author  has 
recently  discovered  remains  of  a  still  older,  dark  indigo  in  colour, 
and  containing  small  fragments  of  sea-shells.  This  has,  however, 
been  swept  away  in  most  places  by  subsequent  ice-movement. 
In  Banffshire  a  fine  dark  clay  seems  to  have  been  formed  under 
the  same  circumstances  as  the  Red  Clay  of  Aberdeenshire.  The 
only  evidence  of  warm  intervals  in  this  part  of  Scotland  is  that 
inferred  from  the  melting  away  of  the  masses  of  ice,  which  preceded 
and  followed  the  deposition  of  the  Red  Clay  and  the  shell-beds 
of  Clava. 

On  the  southern  border  of  the  Moray  Firth  the  author  gives 
examples  of  glacial  marking  on  the  rocks,  and  refers  to  the 
transport  of  boulders,  including  a  huge  mass  of  Oolitic  rocks 
40  feet  thick,  a  mass  of  clay  once  considered  to  be  an  outlier 
of  Lias,  *  pipe-rock,*  and  the  fossiliferous  Greensand  debris  at 
Moreseat,  now  considered  to  have  been  transported  by  ice.  The 
ice  appeal's  to  have  been  4,000  to  5,000  feet  thick  about  Inverness, 
in  order  to  reach  to  and  overflow  Mormond  in  North-Eastern 
Aberdeenshire.  The  terraces  of  gravel  found  at  decreasing  heights 
on  the  Spey,  near  Rothes,  seem  to  have  been  formed  during  stops 
in  the  retreat  of  the  ice.  Arctic  shells  of  deep-water  type,  found 
in  silt-beds  south  of  Rattray  Head,  give  evidence  of  a  period  of 
considerable  submergence ;  but  the  recurrence  of  an  ice-sheet 
appears  to  have  destroyed  most  of  this  evidence,  as  is  seen  in 
a  section  at  King  Edward. 
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CO:R:RS!SF01TIDS!35rOS3, 

GEOLOGY   OF    DERBY,  BURTON-OX-TRENT,  Etc. 

Sib, — Reading  your  review  on  the  memoir  of  the  Geologioal 
Survey,  **The  Geology  of  the  Country  hetween  Derby,  Borton-on- 
Trent,   Ashby  •  de  -  la  -  Zouoh,    and  Loughborough  "   (Qeol.  Mao., 
September,  p.   416),    I    notice   that   your    reviewer  has   misread 
a   very  ambiguous  statement,  but  I  am  surprised  that  he  did  not 
take  exception  to  his  own  reading.     The  memoir  states  under  the 
heading  of  Limestone  Shales  (which,  by  the  way,  in  other  poblications 
members   of  the    Survey  have   been  calling    Pendleside  Series): 
**  Both  the  limestone  and  shales  are  thinning  out  in  this  neighbonr- 
hood,  and  from  attaining  a  thickness  of  5,000  feet  in  Derbyshire  are 
not  more  than  500  feet  at  Breedon";  with  a  footnote  which  says 
that  even  "  this  thickness  is  calculated  on  the  supposition  that  there 
is  not  much  Limestone  hidden  by  the  Trias."    The  Limestone  Shales 
are  stated  to  be  30  to  40  feet  thick  at  Ticknall.     Your  reviewer, 
owing  to  the  lack  of  capitals  and  general  ambiguity,  says  the  shales 
have  thinned  out  from  5,000  feet  in  Derbyshire  to  some  500  feet  at 
Breedon,  when  evidently  the  memoir  means  the  whole  Carboniferous 
Limestone  and  Pendleside  Series.      My  chief  object  is  to  protest 
against  the  figures  quoted   for  Derbyshire  by  the  author  of  the 
memoir.     I  very  gravely  doubt  that  there  are  3,000  feet  of  Lime- 
stone, and  there  certainly  are  not  more  than  800  to  1,000  feet  of 
shales  present  in  any  continuous  or  unfaulted  section. 

Referring  to  the  last  paragraph  on  p.  75  of  the  second  edition  of  the 
Survey  memoir  on  North  Derbyshire,  which  is  quoted  by  Mr.  Wedd 
on  p.  9  of  the  Summary  of  Progress,  1904,  I  find  the  following: — 
"  In  the  Mole-trap  Mine  300  feet  of  shale  were  passed  through 
before  reaching  the  Limestone.  The  top  of  the  shaft  may  be  some 
1 OQ  feet  below  the  base  of  the  Shale  Grit,  so  that  the  Yoredale  group 
\vill  be  here  about  400  feet  thick."  This  locality  is  near  Cromford. 
Wliy  the  discrepancies  between  diflFerent  publications  of  the  Survey  ? 

Wheelton  Hind. 

A   REMAllKABLE   BONE   FROM   TEE   SUFFOLK   CRAG. 

^iR^ — Will  3'ou  permit  nie  to  ask  whether  any  of  your  readers 
can  tell  what  has  become  of  the  specimen  of  which  I  give  a  rough 
outline?  I  first  saw  it  in  1865  in  the  extensive  Crag  collection  of 
]\Ir.  Whincopp  at  Woodbridge  in  Suffolk.  It  afterwards  passed  into 
the  hands  of  Sir  Joseph  Prestwich,  at  whose  house  I  again  saw  it  in 
1889,  and  then  took  the  measurements  from  which  my  sketch  is  drawn. 

I  believe  it  used  to  be  an  adage  of  the  Survey  that  "  a  note  made 
at  the  time  is  worth  a  cartload  of  recollection."  This  was  it : — 
*•  Dec.  21,  1865,  at  Mr.  Whincopp's.  The  collection  is  large  and 
nniqup.  One  of  the  most  remarkable  things  is  what  he  calls 
a  *  bludgeon.'  It  is  a  piece  of  a  fossil  rib  bone,  and  appears  to  have 
been  mineralised  in  the  Crag.  It  has  been  partially  sawn  across  at 
both  ends.  The  ends  show  incrustations  of  stalagmite,  but  stained 
ferruginous.  The  fractures  look  like  those  of  recent  bone,  as  if  it 
had  been  broken  ofi^  before  it  was  mineralised." 

At  a  subsequent  visit,  February  9th,  1866,  I  noted:  "The  fracture 
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at  one  end  is  as  much  polished  as  the  bone  itself  is,  like  all  bones 
from  the  Crag ;  but  at  me  other  end  decidedly  less  so.  It  was  said 
io  have  been  found  with  an  urn.'* 

Mr.  Whinoopp  told  me  that  the  thing  was  brought  to  him  by 
a  carrier  from  the  country,  and  seemed  to  have  no  definite 
information  about  it;  but  it  was  evidently  a  bone  from  the  Red 
Crag,  which  was  at  the  time  largely  worked  for  phosphatic  nodules. 
The  note  which  I  made  at  Prestwich's  house  was  this  :  **  5th  August, 
1889.  This  specimen  is  now  in  the  collection  of  Prof.  Prestwioh, 
where  I  saw  it  at  this  date.  It  weighs  2  lb.  7  ozs.  The  above  is 
a  fair  representation  of  it"  (now  copied).  The  little  pits  on  the 
surface  are  shallow  excavations.  Its  length  is  10}  inches  and 
diameter  2  inches. 


Scale,  two  inches  to  a  foot. 

Of  course,  the  antecedent  probability  is  against  finding  a  specimen 
bearing  signs  of  man's  handiwork  at  such  an  early  period  as  that 
of  the  Crag.  But  at  every  new  stage  to  which  his  existence  is 
pushed  back  there  must  always  be  a  first  find  to  break  the  record. 
The  marine  character  of  the  Crag  is  not  a  serious  objection,  for, 
seeing  that  Mr.  Whinoopp's  collection  was  remarkable  for  the  large 
number  of  remains  of  land  animals  that  it  contained,  there  is  no 
reason  why,  if  man  should  have  lived  among  them,  one  of  his  im- 
plements might  not  have  been  found  along  with  their  bones. 

It  is  in  the  hope  that  this  curious  object  may  be  brought  to  light, 
and  examined  by  competent  judges,  that  I  venture  to  ask  you  to 
print  this  letter.  0.  Fishbb. 

Ha&lton,  Cambuidoe,  October  Utf  1905. 

P.5. — Since  writing  the  above  I  have  met  with  the  following 
memorandum,  which  I  had  overlooked :  **  Feb.  9, 1866.  Mr.  Whincopp's 
collection.  The  '  bludgeon,'  which  I  particularly  noticed  when  last 
here  in  December,  is  evidently  formed  from  a  fossil  bone,  a  rib, 
but  I  think  was  a  fossil  before  being  made  into  a  bludgeon." 

The  conclusion  would  be  that  it  was  cut  ofif  at  one  end  before 
being  mineralised,  but  that  it  was  subsequently  shortened  to  suit  the 
requirement  of  some  Neolithic  man  who  had  found  it. 

QBIT'O'A.IRir- 

CAPT.  FREDERICK  WOLLASTON  HUTTON,  F.R.S.,  F.G.S. 

BoKN  KovEMBEK  16,  1836.  .Died  October  27,  1905. 

Wb  regret  to  record  the  death  of  Capt.  F.  W.  Hutton,  F.R.S., 
Curator  of  the  Canterbury  Museum,  Christchurch,  New  Zealand, 
on  Friday,  27th  October,  at  the  age  of  68,  on  board  the  R.M.  s.s. 
'*  Bimutka,"  while  on  his  return  voyage  from  England  to  New 
Zealand,  after  a  brief  Summer  visit  to  the  old  country. 
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F.  W.  Hutton  was  the  second  son  of  the  Bev.  H.  F.  Hatton,  an 
was  born  at  Gate  Barton,  Lincolnshire,  16th  November,  1836.  H  ««itf 
was  educated  at  the  Southwell  Grammar  School,  and  later  entere^sf 
the  Naval  Academy  at  Gosport  Being  over  age  when  nominal 
for  the  Royal  Navy,  he  served  as  a  midshipman  in  the  Indi 
Mercantile  Marine.  He  joined  the  23rd  Boyal  Welsh  Fusiliers  i 
1855,  serving  in  the  Crimea  1855-6;  was  in  the  relief  of  Luokno^w^ 
under  Lord  Clyde ;  and  took  part  in  the  capture  of  Lucknow^ , 
receiving  the  medal  with  two  clasps.  He  enterod  the  Staff  College 
in  1860,  passing  out  sixth  on  the  list.  Whilst  stationed  at  Malta, 
in  1866,  he  communicated  an  excellent  paper  to  the  Gbolooioak. 
Magazine  on  the  Geology  of  Malta  (see  Vol.  Ill,  pp.  145-152,  and 
Pis.  VIII  and  IX).  More  than  twenty  other  papers  are  recorded  to 
his  credit  in  this  journal,  and  eight  in  the  Quarterly  Journal  of  the 
G^l.  Soc.  Lond.  In  1866  Capt.  Hutton  retired  from  the  Army, 
and  emigrated  to  New  Zealand.  At  first  he  was  attached  as  an 
Assistant  Geologist  to  the  Geological  Survey  of  New  Zealand  in 
1871 ;  later  on  (1873)  he  was  appointed  Curator  of  the  Otago 
Museum,  and  in  1877  Professor  of  Natural  Science  in  the  Otago 
University.  In  1880  he  was  appointed  Professor  of  Biology  in 
the  University  of  New  Zealand,  a  post  he  held  until  1893.  He 
joined  the  Geological  Society  in  1861,  was  elected  a  Corresponding 
Memb.  Zool.  Soc.  Lond.  in  1872,  and  an  F.B.S.  in  1892.  He  was 
chosen  President  of  the  Australian  Association  for  the  Advancement 
of  Science,  1901-2.  He  held  for  some  years  the  post  of  Curator  of 
the  Canterbury  Museum  and  Lecturer  in  Geology  in  Canterbury 
College,  N.Z.  He  published  a  class-book  of  Elementary  Zoology, 
1879,  and  a  large  number  of  papers  in  the  Transactions  of  the 
New  Zealand  Institute  and  other  Scientific  Societies  at  home  and  in 
the  Colonies.  He  was  an  entomologist  as  well  as  a  geologist; 
indeed,  Capt.  Hutton  may  be  said  to  have  been  a  good  all-round 
naturalist  and  a  very  able  scientific  man. 

Capt.  Hutton  married  in  1863  the  daughter  of  W.Montgomerie,M.D. 

nsd:iscEXiXj.^nsrEOTJs- 

Dirijuxxr.'^  Caiisegiei.  (Plate  XXV.) 
This  huge  Dinosaur  (PI.  XXV)  is  one  of  the  largest  of  aucieul 
terrestrial  animals,  heing  14  feet  high  and  80  feet  in  length.  The 
head  is  very  small,  but  the  neck  is  extremely  long  and  flexible. 
The  teeth  are  confined  to  the  front  of  the  jaws,  and  are  small  and 
peg-like,  and  could  only  have  served  to  collect  the  succulent 
vegetation  on  which  the  creature  is  supposed  to  have  subsisted. 
The  body  is  relatively  short,  but  the  length  of  the  ribs  and  the 
massivenesa  of  the  linihs  show  it  to  have  been  of  immense  size  and 
weight.  The  tail  was  of  extraordinary  length,  and  consisted  of  more 
than  70  vertebrce,  being  about  half  the  total  length  of  the  animal. 
As  the  nostrils  open  quite  on  the  top  of  the  head,  a  position  which 
would  be  particularly  convenient  to  an  air-breathing  animal  that 
lived  under  water,  it  has  heen  suggested  that  it  was  probably  semi- 
aquatic  in  its  habits,  living  mostly  at  the  bottom  of  shallow  lakes  and 
rivers,  browsing  on  water-plants,  and  putting  up  its  head  to  breathe. 
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